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GO SIMILARLTIES ¢ LN PUSTTIVE HAND RNA

365 FROM PLANTS ANU ANIMALS: EVOLUTIUNARY AND
NOMIC IMPLICATIONS

Cosldbaen™ and Joan welling

Gepts, of Virology and Molecular Biology,
Apricultural Talversity, Wigeningen, The Netherlands
Approx. 737 of the plant viruses studied sofar, i.e.
at least 470 distinct viruses, have a single~stranded
RNA yenome of positive polarity. Although these
uses are classified in distinct  taxonemic groups
wow 4 wide variation in capsid morphology and
structure computer-assisted ceguence

sons of the non=structural proteins they
rcode, have demonstrated that most if not all of
them are sonwhow genetically interrelated.

Marcover most plant RNA viruses appear to have
tremote) relatives among the animal RNA viruses.
Hence the plant como—, nepo- and pulyviruses are
wenetically related to the picornavirvuses, white
even a larger number of plant virus groups, a.o. the
tonamo=, brome-, cucumo-, tobra- and furovituses,
dre = to 4 preater or lesser extend - related to the
Jlphaviruses. Evidence 1s presented that two mdjor
evalutionary mechanissy underly [he penetic

ipy reported scefar, i.e. divergence frem

reidaci msi
‘a ancestors and lutervival recombination.

COMPARATIVE AND  EVOLUTIONARY ASPECTS CF
CORONAVIRAL, ARTERIVIRAL AND TOROVIRAL GENOME
STRUCTURE AND EXPRESSION.

Willy Spaan®, Peter Brcdenbeek, Ewan Chiruside, Twan de Vries,
Johan den Boon, Ans Noten, Eric Snmijder and Marias Horzinek.
Institute of Virology, Yalelaan 1, 3584 CL Utrecht, the
Netherlands.

The genomes of coropaviruses, berne virus (BEV, the
prototype torovirus) and equine arteritis virus (EAV, the prototype
arferivirus) arc organized into several regions, cach containing one
or more opcn reading frames (ORF) which are separated by juaction
sequences that conmtain signals for the transcription of multiple 3
co-terminal subgenomic RNAs. Despite the common genome
structure and translation strategy, the mode of mRNA transcription
is clearly differeat. lo coatrast 10 the cosopavirus and EAV mRNAs,
BEV mRNAs do not possess a common leader sequeace (see abstract
E. Snijder). The c leader seq of irus and EAV
mRNAs a2 the result of 2 I=der primed transcription and splicing,
respectively (see abstract T. de Vrics).

Significant  similarity beiween the predicted amino acid
sequence of a coromavirus and torovirus ORF and the HE)
hemagglutinin of influenza C virus has been identified which could
be the result of non-homologous recombination.

A high degrec of similarity was also observed in the
predicted amino acid sequence of the second ORF of the putative
polymerase gene of two coronaviruses belonging to  different
antigenic clusters (sec abstract P. Bredembeek). Surikingly, <evera)
regions of amino acid sequeace bomology arc preseat o the
.aiboxy terminal part of the coronavirus and torovirus polymerase
proteins. On the basis of these data a new superfamily will be proposed
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nsm Y always deponds
padna virus, such as
us, HBV, Recently we have used
with cloned CNA to establish that the
orn HBV i8 nct at the level of genome
i thus the HBV provides no more than the HDY
This dependency tcgether with the fact that the
genome of KDV shows RO obvious sequence
#iatlonship to HBV suggests that we call HDV a
114 of HBvV.
The structure and replicaticn of the HDV genome are
wery similar to known subviral satellites of plants.
Th:3 analogy even includes the ability of the RNA to
clf-cleave and to self-ligate. At the same time HDV
4% special d:fferences relative te the plant agents
Like myust o of the plant agents, HDV encodes a protein:
st is o 22 kla species found Loth within viriens and in
the nocied of :nfected cells. We have shown that the
gen is essential for successful gencme replication
Lut have not yet established its actual role(s). The
antigen .s apparently not directly involved in RNA-
Airected RMA syrthesis and we are currently testing the
hypothesis that it is analogous to the maturases
demonstrated for certain group I and 1l introns.
Maybe, HDV can be considered as an infectinus intron.

MOLECULAR  GENETIC  ANALYSIS OF BROMOVIRUS REP( 1CATTION
AND GENL EXPRESSION.

Paul Ahlquist*, Patricia fravnor, Philip Kroner,
Radiya Pacha, and Richard allison. Instityte far Mole-
cular Virology, Unteersity of Wisconsin, Madison, Wl
»3706 USA.

The genomes of brome mosaic vitus [BMy) and the re-
laled cownea chlorotic mattie virus (CCMV G are each
divided among RNAs 1, 2, and 3 (5.2, 2.9. and 2.1 kb)),
RNAs 1 and 2 encode 104 and 94 kD trans-acting ANA pe-
plication  factors, which share extensive amino acid
similarity with proteins encoded by togaviruses and
many other  viruses. RNA3 encodes a 32 kD protein not
requited  for  RNA teplication and slso serves 3s tem-
plate tor the subgenomic coat protein mRNA, RNA4, We
have constructed biologically active cDNA clones for
both  BMV  and CCMV, and are using these 1n integrated
studies of replication and host interactions. largeted
mutagenesis demonstrates that each of three conserved
domains  in  the 104 and 94 kD proteins 1s anvalved o
RNA replication. Hyhrids exthanging selerted gene seq-
ments  between  BMV and CCMV RNA2 have allowed mapping
some  characteristics of the 94 kD gene, and suggest
thal  some aspects of template selectsvits 1n RNA re-
plication may map in the 104 WO gene. Deletion anajy-
s15 of several BMV and CCMV RNAs reveals ur\mpm‘u‘ad
complexity and variety an the organization of cis-act-
1ng signals darecting RNS replication, Recent CCMV (e-
sulla show  that tecombinat 10n rapidlv rescues viatle
vitus after cocinoculat ion with independent Ty disabled
mutants.  Asditional gene exchanges show that the ;-
fering BMv and CCMV host specificities are control led
by the 32 kD noncapsid gene and At least one other
factor,
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REPLICATION, RECOMBINATION AND REPAIR OF BROME
MOSAIC VIRUS RNA. Timothy C. Hall*, A L.N. Rao, Gregory P.
Pogue and Lorea E. Marsh.  Biisgy Drpartrent. Texas A&M
University, College Station, TX 77843-3258 US.A.

The three genomic RNAs of brome mosaic virus (BMV)
encode four proteins. Proteins la and 2a, transfated from RNAs 1
and 2. respectively, are vital frr replication. Protein 3a is thought
to be needed for cell-to-cell transmission. The coat protein is
genetically borne on RNA3, but is translated from subgenomic
RNAAJ, generated from an internal promoter on RNA3. The sequence
of the 3° 200 nucleotides of each of the BMV RNAs is similar, and
has a tIRNA-like structure that participates in aminoacylation and
nucleotidyl transferase functions as well as secving as the promoter
for (-) strand synthesis. The 5" end of each RNA contains sequences
similar to the internal contrel regions (ICR-Y 1 and 2 of pol HI
promoters. This sequence similarity has suggest~d a role for pol Ill
factors in the synthesis of infectious (+) strands, which are produced
in some 200 fold excess over the (-} strand.

We have used RNA transcripts of ¢DNA clones containing
site-specific mutations and deletions for i vitre studies that have
mapped viral promoter and tRNA-like fupctions at the molecuiar
level. This approach permits discrimination between regions of the
IRNA-like 3 structure mvolved in (-} strand promoter (replicase
recogmition and initiation), tyresylation and nucleotidy! transferase
functions  The promoter yielding subgenomic RNA4 was found to
extend for approximately 62 nucleotides, and contains four functional
domains Deletion of the JCR [ and 2 motifs from the 5' end of BMY
RMA roduces promoter activity, supporting our belief that pol 111
factors mav be involved in (+) strand synthesis.

Studies 1, wovo, using barley (a systemic host) plants or
protoplasts, and Chenopodium hyhridum (a local lesion host) plants
conlirm the validity of interpretations from the i vitro studies.
Anabyais of anfectivity of full-length genomic RNAs bearing the
defined  mutations  has  revealed repair of the 3 terminus,
demonstrating a telomerni-hike function for the 1 stricture.
Recombanation of viral sequences has also been seen, ar ! the
parameters contsbuting to o hogh frequengy of occurrence in some
situntions and absence of recombination in others are being
nvestigated

§7

SELP-CATALYZED LINKAGE OF POLIOVIRUS TERMINAL
PROTEIN VPg TO POLIOVIRUS RNA. G.J. Tobin, D.C.
Young. M.S. Oberste. B.J. Morasco, and J.B.
Flanegan. Depart. of lamunology and Medical
Microblology. Univ. of Florida, Gainesville, FL.
32610 U.S.A.

We have proposed a template-priming model to
explain the mechanisms involved in the {nitjatlion
of (-) strand RNA synthesis and the linkage of VPg
to viral RNa. Key predictions of the template-
priming model are as follows: RNA Syathesls
initiates at the 3' end of the template RNA, and a
mechanigm exists for linking VPg to (-) strand
RNA. In recent studies, we have demonstrated that
purified polymerase and hust factor can initjate
RNA synthesis at the 3' end of polyadenylated RNA
templates. In addition, we have shown that vPg-
linked {-) strand RNA was formed in a sel{-
catalyzed reaction that required VPg, Mg'l
poliovirus RNA replication intermediate
synthesized in vitro on poliovirion RNA. The VPg-
linkage reaction did not require the viral
polymerase, host factor, or ribonucleoside
triphosphates and was specific for pioduct RNA
synthesized on poliovirion RNA. The covalent
nature of the bond between VPg and the RNA was
demonstrated by the isolatijon of VPg-pUp from VPg-
linked KNA and phosphotyrosine from VPg-pUp. A
model is proposed in which VPg is covalently
linked to a 5' terminal UMP residue in (-) strand
RNA as the result of a transesterification
reaction which fnvolves nucleophilic attack by the
VPg tyrosyl-hydroxyl group on a phosphate in the
terminal hairpin jo.ning the templaty and product
RNas

and a

REPLICATION UF THE SINDBIS VIRUS Gt NOME .
fames M Strauss, California Institute of Technolony,
Pasadena CA 9125 USA. /

fhe  functions of cunserved nuclent de SOQUeNCes L
the alphavirus genome and of the nonstructural prote-
ins translated from the getwee have been examined 1n o
number  of  wavs, Site  specific motations, tneluding
both substitutions and deletions, have heen introduced
into consetved domaing of the genome and the effect of
these  changes on the replicatiaon of the virus 1n both
vertebrate cells and mosquito cells examined. func-
tions  of nonstroctural proterns  in RNA replicat ion
have  been explored by mapping a number of temperature
sensitive mutonts  an several complementation groups,
and  from  the focation of these mutations and their
phentoypes, ot least  some of the functions of thege
prateins  con be deduced. The nonstroctyral proteinase
that  cleaves the precursor polyprotein to producre the
frnal  protein products has been mapped and found to
Lie an o the C-terminal 1alf of protein nsP?2. We hypn-
thesize from limited sequence simplartt s with papsan
that  the  proteinase belongs to ths superfamily. The
kinetics of cleavane of the polypratein precursnts are
unusual and suggest Hal the uocleaved DIPCUrent pnly -
proteins may  play  roles 10 #H\A reptieat ton dist ioet
from thnse of the Cinal produets,

S8

MURINE CQRONAVIRUS, RNA SYNTHESIS J.L Lcihownll',
PW. Zoitick® K V. Holmes™, and SR. Weiss® Upiv. Texas Medical
School- Houston®, Univ. Pennsylvania P}icdncal School®, and Uni-
formed Serviees Univ. of Health Sciences

Murine coronavirus infected cells synthesize a single species of
geuomic size ncgative polarity RNA which serves as template for the
synthesis of both genome RNA and multiple subgenomic mRNAs.
The subgenomic RNAs arc bipartite consisting of leader RNA map-
ping to the 3" end of the genome, with the body of the mRNAs mak-
ing up a nested set mapping to the 3' portion of the genome.

Temperature- sensitive mutants with defects in RNA synthesis
belong 10 six different complementation groups. When examined in
more detail mutants representing these complemenialion groups
display several different phenotypes. Temperatute shift experiments
have demonstrated that one mutant is defeclive in a function
required very carly in teplication. Other mutants are blocked at larer
stages of replication and can be divided into at least two classes,
thosc that can be induced to accumulate leader RNAs and those that
do not.

The mouse bepatitis virus RNA polymerase is thought to be
encoded within the 5’ 20 kb of the MHV genome, Molecular clones
representing portions of the pulative polymerase geae(s) have been
expressed in E. coli wtilizing a strategy which does not require
knowledge of the sequences bring expressed. Antiscra have been
raised to these expressed portions of the presumed MHV polymerase
gene(s) and these antiscra verified utitizing a novel strategy. Radio-
immunoprecipitation experiments utilizing these sera have identified
infected cell proteins which are encoded within this portion of the
MHV gcaome. Indirect immunofluorescest stydies have demon-
strated different intracetlular locations for proteins encoded from dif.
ferent portions of the presumed MHV polymerase region of the
genome. This supports the hypothesis that multiple gene functions
are encoded within this region of the genome.
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IN VITRO MANIPULATION OF PICORNAVIRUS cDNAs TO STUDY
VIRAL GENE FUNCTIONS
Crislina Giachetti ond Bert L. Semier (*)
Depariment of Microblology and Molecular Genetics, University
of California, lrvine CA 92717, USA

We generated o number of omine Geia teplacement
mutants in the hydrophobic domain contained in poliovirus type 1
polypeptide 3AB. It has been proposed that this membrone-
associated precursor of the vinon-linked protein VPG may piay o
ol in poliovirus RNA replication acting os a lipophilic carrier for
VPg (Semler et al., Cell 28: 405-412). Among the mutants we
isolated. mutont Sel-3AB-310/4 snowed a strong temperature-
sensitfive phenotype: viral growth and viral specific RNA synthesis
ware dramatically reduced of 399C. Temperoture-shift
experiments (from 33°C to 39°C) indicated that the mutant was
able to synthesize RNA ot o normal rate immediately ofter the
snift-yp. but longer incubation at 39°C resulted in loss of the RNA
synthesis capobility. Viral protein synthesis was normal ot 39°C
dunng the first hour attet the shift from 33°C, but o cleor reduction in
the overall amount of viral protein synthesized at 39°C occurred
afterwards. most likely as a consequence of the lack of new RNA
femplote synthesis at 39°C. No differences in viral polypeptide
processing at 39°C were detected, nor were there difterences in
the 3AB->3A turnover. The only polypeptide dittarence cbsenved
wos an altered mobility dunng SOS-PAGE of these two mutant viral
protens (JAB and 3A). The normal protein synthesis/processing
pattern produced by Sei1-3AB-310/4, ond the results of the RNA
synthesis temperoture-shift experiments suggest 4 pnmary
cetect in RNA synthesis (which does not involve [RNA elongation)
05 being responsible tor the ts phenctype of this mutont. These
data provice evidence for o diest 1ole of polypeptice 3AB n
polovirus RNA synfnesis

NATURAL AND ARTIFICIAL POLIO DI PARTICLES
Akio Nomoto*
Departrent of Microbiology, The Metropolitan Institute
gf Medical Science. Honkamagome, Bunkyo-ku, Tokyo 113
apan.
Defective-interfering (DI) particles of the Sabin
strain of type 1 poliovirus were generated on serial
passaging, Characterization of many DI particles
indicated that the locations of the deletions were
limited within the internal gename region en~ciiiny
viral capsid proteine and that the deletion sites were
Clusicied :in certain areas on the gerxme. Sequence
analysis of a number of cloned cDNAs to the DI genanes
revealed that every DI gename retained the correct
reading frame for viral protein synthesis. These
results strongly suggested that one or several viral
non-structural proteins might be cis-acting at least
a certain stage in viral replication. This notion
was proved by the construction of a nutber of artific-
ial polio DI RNAs followed by the test to measuce
their ability of RNA replicons. Computer-aided
swjuence analysis of natural DI genomes gave an insight
into the generation mechanism of polio DI particles
that was a new copy-choice model. This model was
supported by the analysis of the genome of deletion
mutants generated from a viable insertion mutant corst-
ructed in vitro.
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DI-PARTICLES OF HEPATITIS A VIRUS IN CELL CULTURES AND
CLINICAL SPECIMENS;
Swegli, G., Niesch, J.P.F., de Chastonay, J
institute for Hygiene & Med. Microbiology, Unlversity
of Pern, Friedbihlstr. 51, CH-301C Bern, Switzerland
tleparitis A virus (HAV) 1S a unlque picornavirus
which tends to establish persistent rautner than lytic
wnfection upon replication i1n most cell culture systems.
Vviral harvests fram such cultures contain particles
with defectave genomes and the ability to interfere
with replication of standard HAV. Characteristically,
the genamic defects consist 1n three internal deletions
within the region of the genome coding for structural
protewns and span nts 930-4380 (deletion A), 1200-3820
(), and 1370-3240 (7). In addition, various truncated
Rihs were detected lacking either partially or cample-
tely the 3'terminal region which 1s supposed to code
for the viral replicase. Type and predominance of dele-
t:ons A, B, and C varied with the virus strain, with
the type of cell used for propagation, and with the
rumber of consecutive in vitro passages of the virus.
Tne most prominent deletion C accumulated to detectable
levels as early as five passages after isolation of HAV
1n cell culture. Moreover, analysis of HAV-RNA purified
from clinical specimens revealed the presence of dele-
tions B and/or € 1in human feves and viremic blood col-
lected 1n the course of natural hepatitis A as well as
in the liver of an experimentally infected marmoset
monkey . Appearance of defective HAV genames both in
vivo and 1n vitro as well as conservation of deletion
endpoints under both natural and experimental condi-
tions of replication of HAV may provide an excellent
mudel system to lnvesiigate generation and significance
of DIPs in viral disease.

MOLECULAR STUDIES ON SINDBIS VIRUS AND YELLOW
FEVER VIRUS
C. Rice*, A. Grakoui, T. Chambers, R. Galler, R. Levis, R. Raju,
H. Huang. Dept. of Micro. and Immunol., Washington Univ. Sch. of
Med,, St. Louis, MO 63110-1093, USA

Some of our recent work on Sindbis virus has included a genetic
analysis of the promoter for subgenomic RNA synthesis. An insertion
mutation in the putative promoter sequence drastically reduced the
level of the subgenomic RNA without altering the start site of the
RNA. The cis-acting effect of this mutation was demonstrated by
incorporation of either a wild-type or mutant junction region into a
defective-interfering (DI) RNA, and examining the relative syathesis
of DI-derived subgenomic RNA in vive in the presence of wild-type
helper virus. Independent, early passage revertants of the mutant virus
were readily isolated and sixteen were characterized in detail
Although all showed an increase in the level of subgenomic RNA
synthesis, sequence analysis of the junction region revealed that they
were all pseudorevertants, with only two containing poteatially
compensating changes in the junction region. An assay developed 1o
identify revertants with second-site changes in trans-acting viral
components involved in subgenomic RNA synthesis identified at least
two such revertants. Mapping of these and other second-site
compensating mutations may provide genetic clues as to which virus-
specific protein(s) is responsible for interaction with the conserved
junction region to promote subgenomic RNA synthesis.

Qur work on yellow fever virus (YF) has focused on the
identilication of the virus-encoded proteins and proteolytic processing
of the visal polyprotein. In addition, a system for regeneration of
infectious YF virus from cloned cDNA has been developed which
should facilitate studies to uetermine the role of flavivirus proteins and
RNA sequences in virus replication and pathogenesis.
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DEFECTIVE INTERFERING KNAs ASSOCIATED WITH PLANT
VIRUS INFECTIONS.
T. J. Morris. Dept. uf Plant Pathology. Univ.
California, Berkeley, CA 94720, USA.

Defective interfering (DIj KNAs have been identified
in association with tomato bushy stunt virus {(TESV}, a
monopartite, icosahedral plant virus of the Tombusvirus
group. These DI RNAs significantly attenvate disease
development and interfere with the replication of the
parent virus. DI RNAs of about 400 nt that are
naturally assuciated with TBSV isclates have been
compared to novel DI RNA species generated de novo by
high multiplicity passage in several plant hosts. One
such DI RNA, derived during ten consecutive high m.o.}.
passes, 1s a 60U-nt single-stranded KNA thac is
efficiently encapsidated in the TBSV capstd protein,
replicates to high titre, and protects the host from
the normally lethal necrosis associated with helper
virus infection. Several independent cDNA clones made
te this DI KNA dre colinear deletion mutants of the
helper virus consisting of sequences from both the 5’
and 3’ non-coding regions of the viral genome as well
as a portion of internal sequence from the viral
polymerase domain. This motif {s similar to that of
some newly identified Di~like RNA species associated
with turnlp erinkle virus, a distantly related member
of the Carmovirus group. We are currently using {
ro transcripts of natural and avtificially wmodified

vi
D1 clones to identify sequences important in the
replication, symptom modulation, and encapsidatien of

thuese RNAs.
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INITIATION CF PROTEIN SYNTHESIS IN PICORNAVIRUS mRNA
AND PROTROLYTIC PROCESSING OF THE VIRAL POLYPROTEIN,
S.K.Jang, C.U.T.Hellen, H.G.Krausslich, C.K.Lee, C.
Mirzayan, Q. Reuer, C. Holscher and E. Wimmer® Dept.
Microb., SUNY at Stony Brook, Stony Brook, NY 11794,
The large size of the 5'-nontranslated region, and
the absence of a capping group in picornavirus mRNA
riave led us to carry out experiments aimed at
investigating the mechanism of initiation of protein
synthesis of these viruses. We will present evidence
suggesting that the formation of an initiation complex
occurs at an "internal ribosome entry site® (IRES)
without the need for a2 free %' end. The IRES element
i3 sevc~al hundred nucleotides long and, according to
the worn of V, Agol, highly structured. The
polyprotein is myristyolated scon after initiation of
synthesis; inhibition of myristoylation by mutagenesis
renders viral RNA transeripts non-infectious.
Mutagenesis of compcnents of the polyprotein has
produced new insight in viral protein function. For
example, VPg was found to be involved in steps of
viral proliferation following RNA synthesis.
Expression of viral proteinase 3C (suggested to be a
trypsin-like cysteine proteinase) in E, coli has
allowed us t¢ produce homogenous enzyme suitable for
crystallographic studies, The enzyme cleaves
specifically synthetic peptides with kinetics
mimicking that observed in vivo. Purified 31C, however,
cannot cleave efficlently the P1 capsid precursor,
although it can process {p yiyp and in yiirg a Q%
cleavage 3ite engineered into an antigenic site of the
virion. Site-directed mutagenesis of 2A cleavage
sites suggests that intra- and intermolecular
cleavages carried out by 2A differ in thelr
requirements for the cleavage signal,

UNIQUE FEATURES OF INITIATION OF PICORNAVIRUS RNA
TRANSLATION.
M.T Howell, A. Kaminski and R J Jackson®. Dept. of Biochemistry,
U. of Cambridge, Tennis Count Rd, Cambridge CB2 1QW, U.K.
Recent evidence has lead 10 the suggestion that ribosomes select the
correct initiaion site on picornavirus RNAs by scanning ot from the
5™-end but from an internal ribosome entry site located within the §'-
untransiated segment (5-UTR). We have examined this proposition
using celi-free translation of RNAs transcribed in vitro from a variety
of constructs comprising segments of picomaviral §~UTR linked 10
reporter genes. In the case of encephalomyocarditis virus (EMC)
RNA, jt was shown that the correct initiation site, the [1th AUG from
the 5-end, is not selected by a mechanism involving scanning from an
upseam entry site. The immediate upstream AUG codons, AUG-8
through AUG-10, are completely silent in RNAs which include most
of the EMC 5-UTR sequences downstream of the poly C tract, but
are fully functional in constructs with shorter 5'-UTR segments which
are translated by a conventional cap-dependent scanning mechanism.
With RNAs that include the [ong 5'-UTR, ribosomes seem to bind
directly and exclusively to AUG-11 without scanning the upstream
sequences. In contrast 1o this initiation at a very specific site on
vonstructs with EMC §5-UTR sequences, our results with constructs
which include segments of the poliovirus S-UTR suggest that
ribosomnes initiate preferentially at the first AUG codon downstream of
nt. 580-600, regardless of the ex..ct position of this AUG codon. This
1s consistent with the comparative 5-UTR sequences of polioviruses
and human rhinoviruses, and with the following observations of other
groups: (i) deletions of the poliovirus $-UTR from about nt. 600 10
nt. 730 have linle effect on wanslation efficiency; (i) the insertion of
an AUG-containing sequence into this region is inhibitory to comect
expression of the poliovirus coding sequence. These observations
could be explained by a model of nbosome binding at an intemal entry
site, followed by linear scanning of the RNA starting from a position
close to nt. 600.
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INVESTIGATION OF CAP-INDEPENDENT TRANSLATION OF THE
POLIOVIRUS RNA AND THE CELLULAR wRNA ENCODING HEAT
SHOCK-LIKE PROTEIN GRP78/BiP.
Pe.er Sarnow*, Lyle Najita and Dennis Macejak.
Dept. of Bilochemistry, Biophysics and Genetics,
University of Colorado HSC, Denver, CO 80262. USA.
roliovirus incerferes with the translational
machinery of its host by inactivating the cap-binding
protein complex eIF-4F. Subsequently, cellular mRNAs
bearing a m7G-5'cap structure can not be translated,
while the viral RNA, which does not have a 5'cap, can
be used as a functional mRNA by a mechanism termed
“cap-independent translation™.

Nonetheless, we have discovered that at least one
cellular mRNA, encoding the stress-induced protein
GRP78/B1P can be translated at a dramatically increased
level at a time during poliovirus infection when cap-
dependent translation of cellular mRNAs is inhibiced.
Data are presented which suggest potential roles of
heat shock and heat shock-like proteins in polfovirus-
fnfected cells.

It has been postulated that cap-independent
translation is mediated by internal binding of the 405
ribosomal subunit to the mRNA. In order to elucidate
this mechanism, we have used a novel electrophoretic
assay, in which RNA-protein complexes migrate more
slowly in polyacrylamide gels, to identify factors
which interact with the 5'noncoding region of the viral
RNA. We have identified protein factors that bind
specifically to certain sequences in the 5'noncoding
reglon of the viral RNA, and we are currently assaying
the possible funcrions of these factors and their
cognate sequences in cap-independent translation.

MYRISTYLATION UF PULIOVIRUS VP4 CAPSID PRUTEINS
Carol Reynolds, Lisa Curry, Nicola Moscufo, John Simons
and Marie Chow*, Dept. of Biology, Massachusetts Insti-
tute of Technology, 77 Massachusetts Ave., Cambriuge,
MA 02139 USA

The VP4 capsid proteins of poliovirus is N-termin-
ally modified with myristic acid, the fourteen carbon
saturated fatty acid. The modification reaction
appears to occur co-translationally with viral protein
synthesis and can be catalyzed by host-encoded enzymes.
To characterize this modification, mutations have been
site-specifically placed in the N-terminal amino acid
sequence of the VP4 protein. Substitutions of the N-
terminal glycine residue with a wide variety of aming
acids prevent this modification from occuring, indica-
ting that a N-terminal glycine is absclutely required
for this reaction. Additionally, upon transfection
into Hela cells, these mutant genomes fail to yield
infectious virus. Thus, myristate modification appears
to be required for virus viability and mutations in the
virus that prevent myristoylation of its VP4 proteins
are lethal. Amino acid substitutions at other residues
in VP4 display altered levels of myristate modification
and generate viruses that display attenuated growth
phenotypes. The characterization of these viruses w1l
be discussed.
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THE SIGNAL SEQUENCE OF THE P62 PROTEIN
OF SEMLIKI FOREST VIRUS IS INVOLVED IN
INITIATION BUT NOT IN COMPLETING CHAIN
TRANSLOCATION

Henrik Garoff*, Danny Huylebroeck, Andrew Robinson,
Ullrich Tillman, Dept. of Molacular Biology, Huddinge
University Hospital, Karolinska Institute, Sweden

The assembly mechanisms for the Semliki Forest virus
(SFV) are based on the existing pathways for membrane
assembly in the animal ceil. Because SFV has evoived
several rather unique modes of using these pathways this
vius has proven a vaiuable mode! !> study membrane
assembly in general. For example the question ot signal
sequence function in chain translocation across the
membrane of the endoplasmic reticulum (ER) has recently
been addressed using SFV.

So far it has been demonstrated that the signal sequence
of proteins which are made at the ER functions both at the
ievel ot protein targeting to the ER and in initiation of chain
translocation across the ER membrane. However, its
possible role in complsting the process of chain transfer (c.f.
Singer, S.J.. P.A. Maher, and M.P. Yatte, Proc. Natl. Acad
Sci. USA, 1987, 84:1015-1019) has remained elusive. In
the present work we show that the p62 protein of SFV
contains an uncleaved signal sequence at its N-terminus
and that this becomes glycosylated early during synthesis
and translocation of the p62 polypeplide. As the
glycosylation of the signal sequence most likely occurs after
its release from the ER membrane our results suggest that
this region has no role in completing the transfer process.

MOGLECULAR GENETIC ANALYSIS 6F A PLANT VIRUS PROTEINASE
AND ITS CLEAVAGE SITE.

T. Dawn Parks, S.M. Carv, and WeG. Doughertv*,
herartreanr of Micrublolowv, Qrevon State Laiv.,
Corvaliis, LR, USA.

Tobacco etch virvs [TEV], a potvvires, evpresse
its genecic tnformation as 4 single high mol wt paly
protein from a genome length RNA.  This polyproteln 1s
prucessed by at least two viral encoded proteolytic
activities assoclated with 87,000 dalton (kDa) and
49kla proteinss Both protelns autocatalytically
release from the polyprote(n, vhile the 4% Da
proteinase also cleaves at three other sites. The
cleavage site requirements of the 49kDA nroteinase
have been examined using subLsitdtes synt esisea in a
cell-free transcription/translation system. The TEV
49kDa proteinase recognizes a heptapeptide sequence
and cleaves the polyprotein between Gln-Ser and Gln-
Gly dipeptrides. Within th{s veven dmino acid cleavage
sequence, the P6 Glu, the P3 Tyr and the Pl ¢in are
conserved and are essential in defining a functional
vleavage site. Amino acids occupying the PS5, P4 and
P2 positions vary between natural TEV cleavage sites,
and in cell-free assays, affect the cleavage reaction
profile, Two TEV cleavage sites have been analyzed in
detail; the SOkDa/71kDA and the 58kDA/30kDa TEV pro-
duct junctions, The 50kDa/71kDa cleavage site {s
processed "slowly"”, while the 58kDa/30kDa site {s
processed "rapidly” {n ccll-free processing assays.
Exchanging the amino acids {n the non-conserved posi-
tions with those resicues found at the other cleavage
site changes the reaction profiles. This raises the
pussibiifcty that TEV may regulate gene expression
post-translationally by differential processing of
particular cleavage sites.
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STRUCTURE AND ASSEMBLY OF POLIOVIRUS
fames M. Hogle*, Deparcment uf Molecular Bilology.
Rescdrch Institute of Scripps Clinic, iudsed N. Torrey
Pines Rd., La Jolla, CA 92037, LUSA
W onave scolved the structure ot several strafns of
3 ng the [N .
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o analyze S tute O Malive, JUCigento,
dtssoviable empty capsids trom the type | Mahoney

strain.  The aimplications of these structures for the
stractural determinants of serotype specificity, host
e, stabilitv, and conformatisn transitions of the

virus wiil be discussed.

THE STRUCTURE OF FOOT~AND-MOUTH DISEASE VIRUS

D. Stuart*, R, Achiarya, E. Fry, D. Logan; Laporatory of
Molecular Biophysics, University of Oxford, Oxford OX}
JQu, England. G. Fox, D. Rowlands, F. Brown; Wellcome
Biotech, Langley Court, Beckenham, Kent, BR3 3BS,
England.

The structure of crystals of FMDV (serotype O; BFS
1860) has been determined at 2.9% resolution. Refine-
ment against all data (including weak and negative
intensities) 1n the ranae 5-2.9X u<sing XPINAR, r:os
reduced the R-factor to 168 with an RMS deviatiion 1n
bond lengths from ideal values of 0.2178, with no
manual rebuilding of the model.

The overall structure of the capsid and the arranje-
ment of the proteins within it are similar in gross
terms to that descrived for other picornaviruses., how-
ever, there are a number of unique features. The
canyon or pit found in cther picornaviruses appears ro
be absent; this has important consequences fcr cell
attachment . The major immunogenic site (the so-called
FMDV lcop, residues 140-16C approx.) forms a disordered
protrusion. This -ifers a satisfying structura’
explanation for the peculiar success of synthetiv
peptide vaccines against FMDV which wight have broad
implications for the deslgn ~° =u~h vaccines. Scveiwl
lines of evidence from our work and that of cthers have
iicated this FMDV loop 1n cell atctachment and there
15 evidence that the cellular receptor for FMOV 15 a
Ler of the integrin family.

#e hove invectijated the structure
Linding site identified by Roessmann for
Tnese results will fe discussed.
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ALSLMELY M0 BUA PACKAGING TN SMALL SPHERICAL \ [RUSFS:
HESLL TS FROM HIGH RESOLUTTON CRY GTALLOCRAPHY

Lo Cyes o UL Stguffacher’, b L, T Schaldy, b
Homa' L L. kamer”, M, Shanks”, G. Lomonossoff® & J.
Ilum fe

bl

1"
es?

of Blol. Sci., Purduye Uriversity, %est Lafayetie,
Y07 U.S.AL
“Jutn Tones Insto, AL Lost. of Plant Sclence Res.,
dulrey Lao, Norwich HR4 7UH, United K{ngdom

There are g limited number of nucleoprotein

corplexes that can be isolated directly from cells and
cranined ysing Y-rgy crystallography. Examples under
irvestigation include the ribosome, the nucleosome core
particle and spherical vlruses. Only viruses have been
moomirzd ol o tegolutiun sutiicient to reveal gtomic
detsil. Coat protein structures of spherical viruses
Infecting mammals, Insects and plants have been
determined at near atomic resolution, however, proteln-
nucleic acld Interactlons In these viruses have been
only Indirectly suggested by disorder In portions of the
protein subunits and by the distribution of basic
residues on the Interfor surface of the capsid. We
report the structure of 4 spherical virus particle In
which about 20% of the packaged RNA Is well ordered.
Portions of the ribonucleotide chain bind to specific
regions of the viral subunits and display the symmetry
of the capsid protein. The RNA is packaged In units of
roughly 33 ribonucleotides that circulate about the
trimer axes of the capsid. Analysis of the proteln
subunlts shows that there is g striking similarfity
between plcornavirus capsids and the beanpod mottle
virus (BPMV) protein shell, thus supporting the
relatlonzhip between picornaviruses and the plant
comoviruses already suggested.
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whiich  probably (uoctions  as a membrane anchor. Vote
prote i e nent I virus particles does not contian
thys  nogment . Remaval  of  the  hyvdrophobic sequence
might  conyert o menbrane-associated complex of grinome
RNA and care protern which assembles 1nto virus 1nta a
core which early 1n anfection can be released from the
vital emvelnpe  and  then  liberotes the  genome for
translaton,
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EVI" cNCE FOR SPECIFICITY IN THE ENCAPSIDATION OF
SINDBIS RNAS

Sondra Schlesinger®, Barbara Weiss and Hans Nitschko

Dept of Molecular Microbiology, Washington University School of
Medicine, St. Louis, MO USA

In previous studies we had identified sequences in DI RNAs

of Sindbis virus that are essential for replication and packaging , but
could not distinguish between those two stieps. We have now
identified a region of the viral genome that confers specificity in the
binding of RNA to the capsid protein in vitro. This region which
extends from nucleotide 683 to 1255 in virion RNA is also present
in DIRNAs. A DI RNA that lacks these sequences replicates in
infected cells, but is not packaged, providing evidence that this
domain plays a role in encapsidation in vivo. In the course of these
and other studies on packaging, we discovered that Sindbis RNAs
can undergo recombination. These results will be discussed.

THE CELL BIOLOGY OF A TROJAN HORSE: EARLY
EVENTS IN ALPHAVIRUS INFECTION. A. Helenius*,
Susan Froshauer, Ila Singh, Sandra Schmid and
Iza Mellman. Dept. Cell Biol., Yale School of
Med., New Haven, Ct, USA.

Alphaviruses enter their host cells by
receptor-mediated endocytosis followed by acid
triggered fusion in endosomal vacuoles. By
studying the uptake and the acid-induced
conformational changes in the spike
glycoproteins in normal and acidification
defective CHO cells, we have demonstrated that
the organelle of entry is the early endosome.
SFV does not penetrate frouw primary endocyt: ¢
vesicle, nor normally from late endosomes or
lysosomes. Our evidence suggests, moreover,
that replication of viral RNA and synthesis cf
ncnstructural as well as of structural prote:ns
occurs in structures associated with the
cytoplasmic surface of cytopathic vacucles !
{which we find to be modified secondary
lysosomes). The lysosome associated mater:al
contains nsP3 and nsP4, and probably
censtitutes a "factory”™ for synthesis and
assembly of nucleocapstds. The uncoating =¢
tlw viral nucleocapsids remains the least
understocd step in the pathway. We find that
the low pH in endosomes 13 not required fcr
uncoating of inceming nucleccapsids; capsids
isolated from virus are infectious when
microiniected into cell. (NIR R37 AIi8593).
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MOLECULAR CHARACTERITATION OF YTHE MACOR GROUP
RHINOVIRUS RECEPTOR REVEALS ITENTITv 10 [CAM-1.
Joarne E. Tomasstni, Donald Granham, Coredlle M.
Dewitt, Donala W. Lineberger, and Richard ¢
Celonno®. Uept. of virus & (ell Biology, Merck
Sharp & Cohme Research Laboratories, West Point,
vA (9486

A 97 k3a suarface glycoprotein was previocusly
1solated and shown to be reguired far infection by
the "major" group of Muman Rhirovirus (HRV)
serctypes (J. Virol. 58:290-295). Amine acid
sequence of the recepfor proteir was obtainrec fror
1solated CNBr and tryptic peptides. Using
Zeqenerate oligonuclestides predrcted from the
peptide sequences, faur ¢ONA clones were identified
that encode a 3 kb mRNA. The clones were iigated
together, subcioned into a 5v40 expression vector,
and used to transfect receptor negative Verao cells
Results showed that transfected cells expressed
receptor molecules capable of binding HRV and a
monocional antibody which recognizes the "major”
group KRV receptor. The cloned receptor gene
displayed nearly identical sequence homology to the
intercellular adhesion molecule 1 (ICAM-1) and
indicatec that the two surface proteing ars cne and
the same. Both proteins have identical mass,
carbohydrate composition, and tissue distribution.
In addition, "major" group receptors un Hela cells
could be induced with various cytokires in a manner
similar to the ICAM-1 ligand. A similar induction
of the HRV "minor" group receptor was not ubserved.
Molecular studies were 1nitiated to map the virus
and antibody sttes on the [CAM-]1 ligand.
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T TELCATTON OF THE MAJOR HUMAN ReOINOVIRUS RECT P TOR .
Al McUlelland®  and  Jeffrey M. Greveo Molecular

'hetapenties Lo ., West Haven, (1 ULA,L

ite  major haman rhinovirus receptor  geor has been
et fodueed nto mouse 1ooerlls by transfection of boman
wime DN and FACS selection using both vitus bind-
Suy aret o ant -receptor monacional antibiodv. Puritied
w0 1eceptor proteiln  1solated from transtectants
taen thious i taaes ot the  mgiot teceptart graap 18
Siue Protern sequence of 185 residaues of Lthe recep-

tor o showed 1000 % pdentity with ICAM-1. The DNA ge-
worcre of o full length receptgr ¢ONA clnne asolated

trom o transtectants confirmed that the magor human rhi-

2o oand ICAM-1 Gre the same molecole. Lx-
crimente ta adentity  virtes tanding detetminaate at

cptor ardd to produce voluble inhabitors of vi-

ol attarhment will be descerited.

INHIBITION OF CYTUPATHOGENICITY INDUCED BY
PICORNAVIRUSES 87 A MONOCLONAL  ANTIBODY TO
RCELLULAR ADHESION MOLECULE-1 (1CAM-1)
J wt ). Mevluzzi, Ph.D.* and Robert Rothlein.
Pr.D.. Boehrirger Ingelheim Pharmaceuticals, Inc.
90 East Ridge Road, Box 368, Ridgefield, CT 06877
Recently, antibodies directed toward Intercellular
Adhesion Molecule-l (ICAM-1) have been shown to
inhibit the attachment of the major subgroup of
rhinoviruses to their receptor. The recepror for
this subgroup has been subsequently shown to be
1caM-1
The effert 0f monwcloral antibodies to adhesion
proteins  were tested on  plcorn rus- Induced
e effect (CPE) as5savs n vitro
s rhinovirus straing represent the major
and minor receptor subgroups as well as three
coxsackie strains, cone polio strain and twu
non-picornavirus strains Herpes Simplex 1 (HSV-1;
ana Influenza A] were studied using Hela cells as
targets. Monoclonal antibodies to ICAM-1 inhibited
CPE induced by picornaviruses that bind te the
major rhinovirus receptor subgroup These same
antibodies had no effect on picornaviruses that
attach to the minor rhinovirus receptor subgroup or
unrelated virus receptors. Antibodies to Lymphocyte
Function-Assoclated Antigen:-1 (LFA-1), the natural
binding partner for ICAM-1. did not inhibit CPE
ir ed by rhinoviruses. Cytopathogen ty induced
by HRVSS (major subgroup) on the JY lymphoblastoid
cell line was inhibited by antibodies to ICaM-1 In
addition. HRV54 induced capping of ICAM-1 on JY
cells  as  detected bty imaunofluorescetice This
ervation Suggests a possible mechanism by which

Vou eltlers target cells
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IDENTIFICATION OF A SECOND CELLULAR RECEP-
TOR FOR A COXSACKIEVIRUS CB3 VARIANT (CBl-
RD) K-H.L. Hsu, S. Paglini, B. Alstein,
and R.L. Crowell Hahnemann Univ. Sch. of
Med., Philadelphia, PA 19102.
Coxsackievirus B3-RD (CB3-RD) is a host
range virus variant which will grow in
human RD cells. It recognizes both a new
receptor (HRZ) on RD cells and the receptor
(HR1) for parental CB3 on Hela cells (Hsu
et al J.Virol. 62:1647, 1988). CB3-RD also
binds to a saturable receptor (HR3) on
human erythrocytes which is specifically
inhibited by a monoclonal antibody RmcA,
which also recognizes HR2 on both Hela and
RD cells. HeLa, RD and erythrocyte cell
membranes were solupilized with detergents.
Virus or antibody binding activity was
determined in a filter binding assay (Ho-
dot assay) using ~°S-labeled CB3-RD or Py-
labeled RmcA as probes. The binding sites
on all three cells for either probe were
sensitive to 2-mercaptoethanol treatment,
but insensitive to trypsin. Solubilized
cell membrane proteins were separated by
non-raducing SDS-poly-acrylamide gel elect-
rophoresis, Dblotted on nitro- ﬁellulose
mem?ganes and probed with either S—CBJfRD
or I-RecA. A 60 kd band was identified
in Hela cell (also had a 5% kd band), RD
cell and erythrocyte membranes which was
distinct from the 50 kd receptor protein
described previously for the HelLa cell HRI.
Supported by NIH Grant No AI03771

MOLECULAR GENETICS OF CELLULAR
RECEPTORS FOR POLIOVIRUS
C.L. Mendelsohn, M. Mornson, M. Freistadt & V.R
Racanielio®, Dept. of Microbiology, Columbia University,
N.Y., N.Y., USA 10032.

The first event in poliovirus rephication is attachment to
a cell receptor. To identify this receptor and determina its
role in viral tissue tropism, cONA clones encoding
functional poliovirus receptors were isolated. The cONA
clones encode transmembrane polypeptides that are new
members of the immunoglobulin superfamily. Northern
hybridization analysis indicates that poliovirus receptor
transcripts are expressed in a wide range of human
tissues, in contrast to the limited expression of virus
binding sites, which suggests that additignal factors or
modifications of the receptor protein are required to permit
poliovirus attachment. To identify the site cf poliovirus
attachment on the cell receptor, detetions of recepior
cDNAs were constructed which will be assayed for the
ability to support poliovirus binding and infection. To
determine the structure of the raceptor at the cell surace,
trpE-poliovirus receptor tusion polypeptides have been
synthesized and used for production of rabbit polyclonal
anti-receptor antiserum. To elucidate the basis for the
abilty of the P2/Lansing strain of poliovirus to infect mice,
murine genomic and cONA clones werg isglated that are
homologous to human poliovirus receptor cDNA.
Northern analysis indicates that the murine homotogue of
the poho irus receptor is expressed in many mouse
tissues. Expernments are under way to determine whethet
the muring receptor homolog encodes poliovifus binding
sites
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THE ANTIGENIC STRUCTURE OF FOOT AND MOUTH
DISEASE  VIRUS AND ITS RELEVANCE TO
SYNTHETIC VACCINES

Dr. D.J. Rowlands, Wellcome Biotech, Langley Court,
Beckenham, Kent BR3 3BS, U.K.

The structure of foot and mouth disease ygirus
(FMDV) has been solved at a resolution of 2.9 A by
X-ray diffraction techniques. The overall structurs)
organisation of the particle is similar to that seen in
other picornaviruses but there are several unique
features. Many of these help to explain its
characteristic physical and biological properties. In
particular the canyon or pit found at the surface of
other picornaviruses is lacking, which has important
implications for cell attachment and the process of
infection. Also there are 60 large disordered
protrusions at the surface corresponding to the major
antigenic site. This disorder is of particular interest
in relation to the striking ability of linear synthetic
peptides to induce protective immunity against foot
and mouth disease.

USt  0F SPONTANEDUS  DRUG-RE SISTANT MUTANTS T0 TARGE T
CAPSID  ROGIONS IMPORTANT FOR ATTACHMENT AND UNCOATING
O PICORNAVIRUSES.
Rueckert, R.R.*, B.A. Heinz, D.A. Shepard, and W.M.
tee. Instrtute for Molecular Virology, Umiversity of
Wisconsin, Madison, Wi 53706 USA.

WiIN  compounds blnck attachment of human rhinovitrus
14 (HRV14) to Hela cells apparently by deforming a
speci1fic reqgion of the canyon floor when the drug
binds 1n an underlying pocket. Sequence analysis of
over B0 mutants resistant to high (HR) or low (LR)
concentrations of drug showed that HR mutations were
confined to 2 positions V188 and C199 1n VP1 and the
substitutions were 1nvariably bulkier side chains. The
LR mutations on the other hand occurred in a3 wider va-
riety  of positions, all in the drug-deformable region
of VPl on the canyon flaoor. All of the mutations,
without exception, fell in regions involved in drug
binding and virus attachment. These results suggest
that drugs which block uncoating, will be similar use-
ful  for targeting capsid regions involved 1n the KNA
uncoating process. Effects of drug resistance muta-
tions on attachment and uncoating will be 1llustrated
with single-cycle growth curves and plans for site-d:-
rected mutagenesis of target sites involving attach-
ment and uncoating will be discussed.
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Analysis of Coronavirus MEV surface
glyoprotein functions.

$.6. Siddell,
Insitute of Virology, University of
Wiirzburg, 8700 Wirzburg, F.R.G.

The murine coronavirus MHV-JHM has 3
env-olope glycoproteins; the integral
membrane protein M, the surface glycoprotein
S and the haemagglutinin protein HE. It is
known that the M protein plays a role in
determining the intracellular site of virus
maturation. The s protein mediates
attachment of the virus to tissue culture
cells and is involved in the fusion of viral
and cellular membranes. The biological
function of the HE protein is unknown.

We have taken two approaches to analysing
the functions of the $ and HE glycoproteins.
Firstly, we have produced and mapped
monoclonal antibodies which recognize linear
epitopes on the S protein and neutralize
virus infectivity by either preventing
artachment or preventing fusion, So far, we
have identified one domain responsible for
attachment and two separate domains involved
in fusion. Secondly, we have used the
vaccinia virus system to overexpress to HE
protein. It has been possible to demonstrate
that this protein has both receptor binding
(haemabsorption) and receptor destroying
{acetylesterase) activities, These results
will be discussed.

ANTIGENIC STRUCTURE AND FUNCTION OF THE FLAVIVIRUS EN-
VELOPE PROTEIN E.

F.X. Heinz*, C. Mandl, F. Guirakhoo, H. Holzmann, W.
fuma, and C. Kunz. Institute »f Virolagy, University
of Vienna, Vienna, Austria.

The envelope protein £ 1s of paramount significance
for the biology of flaviviruses since 1t 15 essential
for cell attachment and probably fusion and also 1n-
duces a protective 1mmunity a‘.er natural infection or
active immunization.

We have established a structural model of the tick-
borne encephalitis (1BE) virus £ protein that contains
information on the organizetion of the polypeptide
chain within the protein and correlates epitopes and
antigenic domains to defined sequence elements. The
model 1s based on an epitope map that reveals the se-
rological specificities, functional activities, and
topological relationships of 19 different epitopes
most  of which cluster to form three major antigenic
domains (A, B, and C). The structural characteristics
of each epitope were determined and the localization
of individual antigenic sites within the primary amino
ac1d sequence was performed by amino-terminal sequenc-
tng of immune-reactive fragments and RNA-sequencing of
antigenic variants selected in the presence of neutra-
l1zing monoclonal antibodies. Neutralization escape
mutants selected by monoclonal antibodies directed to
different sites were characterized with rtespect to
their neurovirulence upon peripheral 1noculation of
adult mice. Mutants wi.h a single amino acid exchange
within antigenic domain B8 had almost completely lost
their virulence. However, the mutants replicated in
the mice and 1induced a protective immunity against
peripheral challenge with virulent vairus.

f



S 37

S 38

IMMUNE RESPONSES TC DENGUE VIRUS.

Francis A. Ennis*l, Ichiro Kuranel, Jack F. Bukowskil,
Udo_Kontnyl, Jurand Janusl, Bruce Innis?, Ching-juh
lai?, Margo Brinton3, Michael Bray?, Barry l=‘alqout2é
Bruce Innis4, Ananda Nisalak4, Suchitra Nimmannitya®,
Anthony Meager®, 1. Univ. of Massachusetts Medical
Ctr., Worcester, MA.USA. 2. NIAID, NIH, Bethesda, MD,
USA 3. Georgia State Univ., Atlanta, GA.USA. 4.
AFRIMS, Bangkok, THAILAND. 5. Children's Hospital,
Bangkok, THAILAND. 6. NIBSC, Hertfordshire, ENG.

The camplex immunoregulatory responses to dengue
virus are being defined using human lymphocytes,
monocytes and sera from dengue infected patients.
Patients with dengue have interferon gamma in their
circulation at concentrations which upregulate Fc
receptors on human manocytes to render them more
susceptible to infection by dengue virus-antibody
camplexes. Dengue-immune individuals have dengue-
specific memory CD4* and CD8* T lymphocytes. Upon
stimu) .tion during secondary dengue infection and late
in primary infections, dengue specific T cells produce
IfNy. D4+ and D8+ T cells have specific cytotoxic
activity against dengue-infected cells., MHC class I
and II restricting elements present epitopes of
non-structural antigens to these T cells. Interferon
garmma also increases expression of MHC antigens which
aids in recognitian by dengue-specific cytotoxic T
lynphocytes. The production and biological activity of
other lymphokines, e.g. IL-1, IL-2, TNF« and IFN «have
been measured in the sera of dengue infected patients.
These results form the basis of a working model of the
immunological regulation and pathogenesis of dengue
virus infections.

CURRENT APPROACHES TO THE PROBLEM OF POLIO-
VIRUS ATTENUATION
V.I.Agol. Inst. of Poliomyelitis, Moscow
Region, 142782, USSR

The attenuation of poliovirus is being
investigated with respeoct to the viral muta-
tions involved and the peouliarities of the
poliovirus interaction with neural ocells. fThe
principal attenuat mutations of the Sabin
vaccine strains located in the middle of the
5'-untranslated region of the viral RNA were
shown to result in a diminished ability of the
RNA to initiate the polyprotein synthesis in
cell-free systems, 5u3§esting the existence of
a cte-aoting translational oontrol element
far upstream from the initiating oodon. The
seoondary struoture of this element will be
presented, as well as the results of studies
on its interaotion with trans-acting host
protein faoctors. Modifiocations of this
element as a possible way to oreate novel
attenuated poliovirus strains will be oon-
sidered. In the framework of the second
approach to the attenuation problem, it was
found that the reproduction of the type 1
Sabin strain, compared to its neurovirulent
parent (Mahoney), in the ocells of a human
neuroblastoma line,was severely restrioted.
Both attenuated and neurovirulent polio
strains were shown to be able to establish
chronic infection of the neuroblastoma cells.
Implications of these obsgervations ftor the
attenuation problem will be discussed.
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THE CAPSID OF POLIQVIRUS DEPENDS ON THE MYRISTOYLATION OF VP& FOR
ASSEMBLY AND DETERMINES THE HOST RANGE OF THE VIRUS. Marc Girard,
Annette Martin, Daniel Marc, Danials Benichou, Czeslawv Wychowski
and Sylvie van der Werf, Laboratory of Molecular Virology,
Institut Pasteur, Paris, France .

Mutations wers introduced by oligonucleotide cassette sxchange
or site-directed autagenesis of poliovirus type 1 (PV-1) cDNA in
the region coding for the viral capsid precursor P1. The properties
of *he resulting mutants vere studied in vivo upon transfection of
primate cells. Mutations Gly—» Arg, Ala=»Pro, and Ser -3 Pro in
the N-terninal sequence N(Met).Gly.Ala.Gln.Val.Ser. or P! prevented
the myristoylation of VP4 and vere lethal for virus growth.Reverse
mutants vere found to ari pontaneously in the transfected cell
cultures. All shoved a res d consensus myristoylation sequence
(e.g. Gly at position 1, Ala, Ser, Thr or Leu at position 2 and
Ser, Thr or Ala at position 5). Lack of myristoylation did not
prevent replication nor translatjon of tha viral RNA, nor processing
of P1. This suggests that myristoylation is nesded st a rslativaly
late stage of poliovirion sssembly and/ov for capeid stadility.

Hutations of VPl amino acids Pro95 (—PAsp), Ser9? (~®Pro) and
Thr.Asn.Lys.Asp 99-102 (=% Lys.Arg.Ala.Ser) resulted in the creation
of & PV-1/PV-2 chimascric virus with six amino acids from the PV-2
saquence. This virus was neurovirulent for mice. Mouse neuro-
virulence could be abolished by single mutations of residuas Asp93
(=PGly,Asn,Val), Asp9S (- Gly,Asn), Lys99 (~®Asn, Clu), or Leulos
{=>Arg)), or by the double sutation of Lys99 (~P»Thr) and Serl02
(—PAsp) (in collsboration with T.Couderc, R.Crainic and J.Bogls).
Other possible combinations are undar study to detersine VPl amino
acid positions critical for mouse neurovirulence. The substitution
of tl'e entire sequence of VPl amino scids 94-102 ‘v a foreign amino
acid sequence, or its entire delation, seamed not to alter the
stability of the capsid nor the viability of the virus, while
resulting in a virus with modified sntigenicity. Such chisaaric
polioviruses could serve as the basis for nev, multivalent vaccines,
either live vaccin ng the Sabin strain as a vector, or
tnactivated vaccines, using & wild-type poliovirus strsin .

MOLECULAR PATHOGENESIS OF THEILER'S VIRUS
INFECTION

Howard Lipton , Miriam Calenof?
and Steve Miller

Northwestern University Medical School, Chicago, IL, 60611 USA

The Theiler’s murine encephalomyelitis viruses (TMEV) arc
cnteric pathogens of mice and members of the cardiovirus sub-
group in the Picornavirus family. [wo TMEV virulence groups
exist: (1) Highly virulent strains which produce a lethal
cncephalitis in mice, and (2) Less virulent strains which cause a
persistent CNS infection and chronic demyelinating disease. The
demyclinating process is immune-mediated and resuits from a
virus-specific, delayed type hypersensitivity (DTH) response
rather than from autoimmune reactivity against CNS antigens or
cytolytic infection of myelin-maintaining oligodendrocytes. Thus,
infections by less virulent TMEV provide a relevant analog for
the human discasc, multiple sclerosis.

Using double-immunoflorescent staining of CNS tissues and
Percoll-gradient isolated CNS lear cells, TMEV was
found to persist primarily in macrophages.  Only 12000
macrophages are infected and only 1-S PFU are producedicell.
The kinctics of this persistent state will be discussed.

To map el on the g responsible for pathog
properties, full-length ¢cDNA clones of two prototype TMEV
strains were constructed in the bacterial plasmid pPGEM3. BHK-21
cells, transfected with RNA transcripts made off the T7 RNA
promoter from either the highly virulent GDVII virus clone or
the less virulent BeAn 8386 virus clone produced infectious virus.
The progeny viruses have the same phenotypic characteristics as
the parental strains. Chimeric recombinants between the genomes
of the two virulence groups have also been constructed. RNA
transcripts of chimera representing mixes of the major genomic
regions yield infectious virus upon transfection. The phenotypic
properties of these chimeras will be discussed.

Faaberg. Roland Metzner
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STUDIES OF ALIPHAVIRUS VIRULENCE USING FULL-LENGTH CLONES OF
SINDBIS AND VENEZUELAN EQUINE ENCEPHALITIS VIRUSES
R E. Johnston® !, N. L. Davisl, J. M. Polo], D. L. Russcll}. D. F. Pence !, W. J.
Mcyer}, D. C. Flynn!, L Willis] and J. F. Smith2. }University of North Carolina.
Chapel Hill, N.C. and 2U. S. Army Rescarch institute of Infectious Discascs.
Frede,ick, Md.

Attenuating mutations of Stndbts and VEE have been Identified after sclection
of parcntal virus populationa for rapid penetration of BHK cells or resistance lo

by lonal (MCAbs). The mulations were idenuified

by sequencing, and the phenolypes of several such mutants were confirmed by
inserting them Into (ull-length clones. An ARG for SER substitution at E2 codon
114 1n Stndbis strain AR339 (virulent tn neonatal mice sc and i} conferred

at owing sc lation). repsd p and y
to neutralization by a singie class of MCAD, those recognizing the £2-¢ antigenic
site. The sequence of E2.¢ MCAb mutants ind d that at
£2 62, 96, 114 or 159 affected both virulence and E2.c MCAb activity, suggesting
that these restduea are of one mining domain on
the Stndbis glycoprolein apike. E2 62 and E2 114 mutations altered penetration
as well as virulence, Thercfore. 1 for rupid p and

could be explained by the p of overlapping path and p

domains. In addition 1o mutations in E2, El mutations at codons 75 and 237
also aflected virulence in neonatal mice. Mutants of S.A.ARS6 (a Sindbts strain
virulent tn aduits ic as well as in neonates), which converted E2 codon 1 from SER
10 ASN. created a new glycoaylation stie and prevenied PE2 cleavage. The
resulling virfons contained PE2 rather than E2. were raptdly penetrating and were
attenuated in adulls ¢ and in nconates by cither the ic or & roules. Rapldly
penelrating, attenuated mutants of VEE ajso were tsolated and scquenced. A
<DNA clone of the VEE genome was constructed such that infectfous VEE RNA
transeripts could be denved from the clonc nulizing transcription from an
upstream T7 promoter. We are tn the process of inserung the VEE alicnuating
mutations Into the clone, both individually and 1n combination, with the hope of
accine didate with a low rate of

ges ng an cffective. at ated VEE

reversion to virulence.

ENTEROVIRAL HEART OISEASE
R. KANDOLF*, P. KIRSCHNER, H. SCHONKE, K. KLINGEL,
A. CANU, J. MERTSCHING, R. 2ELL, P.H. HOFSCHNEIDER
MPI fur Biochemie, D-8033 Martinsried, FRG

To date, there is firm evidence from in sicu hy-
bridization that enterovirus infections of the human
heart lead to 8 significant number of patients presen-
ting with clinical signs snd symptoms of myocarditis
and/or dilated cardiomyopathy. In patients with dila-
ted cardiomyopathy of recent onset, the most dramstic
manifestation of myocarditis, the incidence of myocar-
dial infection was found to be sbout 302. Moreover
enterovirus RNA was not only found to be present at an
early stage of the disease but also in chronic dilated
cardiomyopathy, indicating persistence of the virus in
the human heart. The concept of viral persistence in
chronic dilated cardiomyopathy is substantiated by the
finding of enterovirus persistence in follow-up biop-
sies of patients with ongoing cardiac disease. Another
important finding was the detection of viral RNA in
interstitial myocardial cells as well as in myocytes
which agrees with our previous in vitro findings in
cultured human heart cells and persistently infected
human myocardial fibroblasts. In addition, antisera
raised against bacterially synthesized coxsackievirus
B3 proteins are described, which revealed a broad
spectrum of cross-reactivity within the enteroviruses.
The use of this antisera in combination with in situ
hybridization will allow the question of whether re-
stricted replication is implicated in persistent forms
of enterovirus-induced cardiomyopathies to be answe-
red. Furthermore, the use of the polymerase chain re-
action technique provides a powerful means to study
the molecular basis of persistent enterovirus infec-
tion.

S 43

S 44

REFINEMENT OF THE SATELLITE RNA UF CUJUMBER MOSAIC
VIRUS FOR USE IN THE CONTROL OF VIRUS INFECTION.

David Baulcombe*, Martine Jaegle**, Martine Devic.
Sainsbury Laboratory, Colney Lane, Norwich, NR4 TUH, UK
** PSR Cambridge Laboratory, Cambridge, CB2 2JB, UK

We have shown previously that transgenic plants are
resistant to infection by cucumber mosaic virus (CMV}
if they express the satellite RNA of CMV. It is
trought that the basis of the resistance is partly a
competition between the satellite RNA and the helper
virus for replicase enzymes and partly interference of
the satellite RNA with the processes which lead to
symptcm formation.

In principle, expression of satellite RNA 1n trans-
genic plants is a highly effective gtrategy for control
of viral infection. It is not necessary for the trans-
genic plants to produce new proteins. Furthermore,
because the expressed satellite RNA is replicated by
CMV, there is effective resistance even when the
inoculum is very concentrated, or when the satellite
RNA 1tself is expressed at a low level. However, there
are also disadvantages. We have shown that the
expressed satellite RNA can be acquired by viral
cultures and transmitted out of the transgenic plants
to non-transformed plants. This is undesirable as, in
some forms, the satellite RNA can induce severe
symptoms.

As a solution to these problems we have identified
functional domains in the molecule so that non-
essential regions can be deleted in a disabled form of
the satellite RIA.

THE ROLE OF MOLECULAR EPIDEMIOLOGY IN SUPFORT OF
GLOBAL PROGRAM TO CONTROL FOLIGMYELITIS. e
01.en M. Kew. Division of Viral Diseases, Centers for
ste:s;doum;\i:l, AtlarﬁE GA 30333 USA.

. poliovirus ‘ections paral nearly 250,000
children each year. The World MMﬁm'm
initiated a global immmization program for eradicating
all natural transmission of wild polioviruses by the
year 2000. Important  strides towards this goal have
beengmlned in the Americas and Burope, and in parts
of Asia and Africa. Laboratory support is essential to

3
populations at highest risk for poliovirus infection,
t:.he patterns of spread of wild polioviruses, and the
n.ia&iti&s of reservoirs sustaining transmission of
wild viruses. To monitor the distribution of wild polio—
viruses, we have determined the genetic relationships
among  isolates from recemt cases by partial sequencing
of their RNA genawes. Since poliovirus gencmes  evolve
rapidly, we can estimate the proximity of epidemiologic
links among cases and outbreaks the
genetic sequence relatedness among isolates. Viruses
sharing >85% of their muclectide sequences were consid-
ered to be members of a single genotype, derived from a
common  ancestral  infection. Many distinct genotypes
(alJ.. three serotypes), having geographically defined
regions of endemicity, coexist worldwide. Unambiguous
links were foud among cases cooaring in the Middle
East, Burope, North America, amd South America. The
genetic sequence information has been applied to the
design of synthetic oligomcleotide probes of pre-
determined specificities (vaccine- or wild genotype-
specitic), peraitting surveillance for wild genotypes
by simple, routine diagnostic tests.
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RATIONAL DESIGN OF ANTIPICORNAVIRAL AGENTS.
Mark A. McKinlay, Sterling Research Group, Rensselaer,
New York 12144,

A novel class of antipicornaviral agents discovered
by the Sterling Research Group have been shown to in-
hibit the replication of a broad spectrum of human
rhinoviruses and enteroviruses in vitro and prevent
enterovirus-induced paralysis when administered orally
to infected mice. Initial mechanism of action studies
demonstrated that these compounds blocked uncoating of
rhinovirus type-2 (HRV-2) and poliovirus type-2 via a
direct interaction with the virion. In the absence of
data on the molecular details of the binding site for
these molecules, conventional structure-activity rela-
tionship analysis was successfully applied to the de-
sign of compounds with improved potency and spectrum
of activity. Following the elucidation of the binding
site for these compounds at atomic resolution within
rhinovitus type-14 (HRV-14) by the Purdue group headed
by Michael Rossmann, it was for the first time possi-
ble to begin true rational design of compounds with
enhanced potency. The x-ray structure revealed that
the drug binding pocket was predominantly hydrophobic
in nature, and design efforts have been directed to-
wards compounds which would increase hydrophobic in-
teractions through filling empty space in the pocket.
The conformational changes induced in VP1 following
compound banding were found to extend to residues
within the floor of the "canyon", or proposed cellular
receptor (ICAM-1} binding site. Subseguent analysis
showed that HRV-14 and other major receptor group rhi-
noviruses examined are all inhibited in their ability
te attach to the cellular recentor, thus providing
support for the canyon as the receptor binding site.
Minar  rteceptor group virus examined thus far, includ-
tnq  HRY-2, are not blocked 1n attachment, and are all
presumably 1nhibited at the uncoating step.

REDCSIGNING POLIOVIRUSES FOR VACCINE PURPOSES. J.W.
Almond, 0.J. Evans, K.t. Burke, M, Ferguson, P.D.
Minor, M.A., Skinner, C. Young, J. McKeating, 0.
Jenkins. Department of Microbiology, University of
Reading, U.K.

With the objective of developing 1improved palio
vaccines and oral vaccines against other diseases, we
have used site-directed mutagenesis to mod:ify the ge-
nomes of the Sabin vaccine strains of poliovirus types
1 and 3. Studies on type 3 have concentrated on modi-
fications of the 5' non-coding region based on a se-
condary structural model derived by computer modelling
and biochemical analysis (Skinner et al. 1989). Our
results suggest that both the primary and secondary
structure of the 5' NCR can influence the neuroviru-
lence of the virus.

Our studies on poliovirus type 1 have concentrated
on modifications to antigenic domains. We have previ-
ously shown (Burke et al. 1988) that type 3 antigenic
domains c¢an be correctly expressed on the type 1 par-
ticle. We have extended these studies to antigenic
sites 2 and 3 and have introduced antigenic domains
from heterologous viruses such as HPV-16 and HIV
(Evans et al. 1988). The antigenic and immunogenic
properties of these virus chimaeras will be discussed.

References:
Skinner, M.A., et al. (1989) J.Mol.Biol. (in press)
Burke, K.L., et al. (1988) Nature 332:81 .
Evans, D.J., et al. (1989) Nature 339:385-8.
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SEQUENCE ANALYSIS OF THE GENOME RNA OF LACTATE
DEHYDROGENASE-ELEVATING VIRU§(LDV)

E.K. Godeny and M.A. Brinton , Georgia State
University, Atlanta, GA, USA.

LDV was initially classified as a
togavirus on the basis of its morphology and
genome type, namely a single-stranded RNA of
positive polarity. Further characterization
of the genomic RNA revealed that it contained
a 3' poly A tract as do the genomes of other
togaviruses. However, in contrast to
togaviruses, no subgenomic viral mRNA has been
observed in LDV-infected cells. Randomly
primed cDNA obtained from the genome of the
neurotropic LDV isolate, LDV-C, cross-
hybridized with the genomes of other LDV
isolates, but not with the genomes of an
alphavirus, rubella virus, a flavivirus, or
cellular rRNA. Sequence information obtained
from cDNA synthesized from LDV RNA indicated
that the sequence of the 3' terminal genonmic
region is highly conserved among different
isolates of this virus. However, the LDV 3!
terminus does not contain highly conserved
seguences or RNA secondary structures
characteristic of the 3' termini of either the
togavirus or flavivirus genomic RNAs.
Additional information obtained upon
completion of the LDV-~C genome sequence
analysis and the mapping of the virion
structural proteins will determine whether LDV
should be reclassified as a new family or
remain within the Togaviridae.

INSERTION OF UBIQUITIN CODING SEQUENCE IDENTIFIED
IN THE RNA GENOME OF A TOGAVIRUS

GREGOR MEYERS*, TILIMANN RUMENAPF AND
HEINZ-JURGEN THIEL

Federal Research Centre for Virus Digeases of
Animals, D-7400 Tubingen, Federal Republicof
Germany

Pestiviruses, currently classified as toga-
viruses, are positive stranded RNA viruses which
represent causative agents of severe animal
epidemics. Comparison of the genomic sequences of
different members of the genus pestivirus, in
particular twobovinae viral diarrhea virus (BvDV)
strains and a hog cholera virus (HCV} strain, led
to the identification of strain specific in-
sertions in the BVDV genomes. Such insertions
are not present in the HCV sequence. The amino
acid sequence encoded by the insertionof one
BVDV strain (Osloss) and the conserved animal
ubiquitinsequence are almost identical. For the
insertion in the genome of a second BVDV strain
(NADL) homology to a host cellular mRNA was
demonstrated by hybridization. The nucleotide
sequence of a cDNA clone derived fromcellular
mRNA exhibits 99% homology to this BVDV in~-
sertion. These findings which can be explained

by an RNA recombination process between viral and
host cellular sequences add a new aspect to the
evolutionof RNA viruses. Inaddition they lead
to a novel model for pathogenesis of a persistent
pestivirus infection.
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ASSOCIATION OF ALPHAVIRUS REPLICATION WITH THE
CYTOSKELETAL FRAMEWORK AND TRANSCRIPTION /N

VITRO IN THE ABSENCE OF MEMBRANES.

D.Barton, D.Sawicki, S.Sawicki*, Medical College of Ohio, USA

Alphavirus (Sindbis or Semliki Forest virus) RNA synthesis
occurs in complexes that are composed of the viral nonstructural
proteins (nsPs), viral RNA templates and possibly associated host
factors. These replication complexes are associated with the smooth
membrane fraction of infected cells. An obstacle to the purification
of alphavirus replication complexes has been the inability to remove
the membranes and retain the RNA polymerase activity in vitro.
Because treatment of the membrane fraction with detergents releases
endogenous RNases, it proved difficult to assess the polymerase
acuvxry of detergent meated replication complexes. We developed a
d to the poly activity of detergent treated
membranes that did not depend on measuring the incorporation of
radioactive precursors into the single-stranded RNA products of the
vira] replicase. Using this method we have obtained from the
smooth membrane fraction (1.16g/cc) of infected cells membrane-
free replication compl that synthesize in vitro viral RNA.
Removal of the hplds with Tnlon X-100 and deoxycholate caused
the dcnsny of the rcphcauon wmplc ies 10 shu‘( from 1.16 g/cc to
1.25g/cc. Th -free n CC ined at Jeast
80% of lhe polymcrase acnvuy assocnaled wnh the membrane
on Although membrane-free, the

detergent treated complcxes co-purified with the detergent-insoluble
cytoskeletal framework. Immunoprecipitation with monospecific
antibodies (gift of R. Hardy and J. Strauss) identified nsP1, nsP2,
nsP3 and nsP4 in the lipid-free fraction. Therefore, alphavirus
replication complexes do not require lipids for polymcrasc acnvny
in vitro and appear to i with the ¢y of
infected cells.

DEFINED MUTATIONS IN THE POLIOVIRUS CAPSID PRO-
TEINS CAUSE SPECIFIC DEFECTS IN RNA ENCAPSIDATION,
RNA UNCOATING AND VP0 CLEAVAGE.

Karla Kirkegaard* and Susan R. Comp D of M
Cellular and Developmental Biclogy, Umvemty of Colorado, Boulder,
CO, USA 80309.

We have constructed, isolated and characterized two poliovirus
mutants, VP1-101 and VP1-102, whose phenotypic defects are caused
by two different small deletions in the amino terminus of VPl ‘nx:
lesions were introduced by a random deleti pr
The amino i of VPl is ived in uw three-di ional
structure of the poliovirion, but is known to be buried within the virion
and is likely to be interacting with the viral RNA. Both VP1-101 and
VP1-102 show a diminished ability to enter CV1, but oot HelLa, cells.
Neither the rate of binding to cells nor of subsequent "alteration” of the
mutant poliovitions is affected; the defect in cell entry can be traced 1o
a lower rate of uncoating of the viral RNA in the mutant viruses on
CV1 cells. Although the phenotype of VPI1-101 can be amply
explained by this single defect, VP1-102 displays an additional
biochemical deficiency. In VPI-102-infected CV1 cells, 75S empty
capsids and 14S intermediatcs accumulate, but 135S "provirions” or
150S infectious virions are not observed. Thus, only those subviral
structures that do not include viral RNA are scen. We suggest that the
mutation in VP1 in VP1-102 affects RNA encapsidation as well as
uncoating, and that these two related processes both involve the amino
terminus of VP1. The temperature-sensitive defect of another
poliovirus mutant, VP2-103, is caused by smglc nucleotide substitu-
tion in the VP2 coding region. Al nonpermissive temperanares, 100-
fold fewer infectious virions are observed. Instead, structures sedi-
menung at 135S that are in every respect identical to the elusive "pro-
virion” are produced. Fur.hennom. the ptowolyﬂc cleavage of VPO, 2
reaction that has been postulated to be P lytic and RNA-
dependent, is not observed at high temperatures in this mutant. We
suggest that the primary defect of VP2-103 is in VPO cleavage.




05

06

ANTIVIRAL COMPOUNDS DISTINGUISH BETWEEN TWQ SUBGROUPS
OF RHINOVIRUSES WITH DIFFERENT BIOLOGICAL PROPERTIES
Koen Andries*, Bart Dewindt, Jerry Snoeks, Henri Moereels, Paul J. Lewi.
Janssen Research Foundation, Beerse, B-2340 Belgium. -

A variety of chemically ditferent compounds inhibit the replication of
saveral serotypes of rhinoviruses (common cold vimsqs_)(’). Wae noticed
that one of these compounds, WIN 51711, had an antiviral spectrum
clearly distinctive from a consensus spectrum, identified for other capsid-
binding compounds. On the other hand, mutants resistant to R 61837,
an antiviral pynidazinamine, were shown 10 be cross-resistant to all other
capsid binding compounds, including WIN 51711(1). This indicated that
compounds although sharing the same binding site could have different

ra of antiviral activily. o
speclA systematic evalu{uion of 15 known rhinovirus-capsid binding
compounds against all serotyped rhinoviruses was therelore initiated.
Muliivariale analysisi®) of the results revealed the existence of a major and
a minor drug subgroup of rhinoviruses, exhibiting dl"erenhgl
susceptibility to antiviral compounds and suggesting the existence ola
dimorphic binding site. X

Tha observed relationships betwesn serotypes (regarding their
antiviral susceptibility) turned out 10 be highly correlated with sequence
data(3) of amino acids, not only of the putative binding site (17 amino
acids) but also of VP1 (280 amino acids) and even of other genome
regions. Rhinoviruses belonging to the minar teceplor subgroup_ auA
cluster in the major drug subgroup. Furthermore, we munq convincing
evidence to allow for the conclusion that serotypes belonging 16 the
major drug subgroup produce more than twice as many clinical infections
than viruses belonging to the minor drug subgroup.

(1) Andries, K., Dewindt, B., Snoeks, J. & Willebrords, R. Arch.
virol, In the press. (2) Lewi, P. J, Chemometrics and l(\leihgen( Laboratory
Systems, 5, 105-116 (1989). (3) Palmenberg, Ann C. in Molecular
aspects of pi irus i ion and ion (Ed.: B. Semler and Elly

Enrenfeld) 211-241 (Am. Soc. Microbiol., Washington D.C., 1989).

CHARACTERIZATION OF SEQUENCE VARIATION AMONG
ISOLATES OF RNA VIRUSES: THE DETECTION OF MISMATCHED
CYTOSINE AND THYMINE IN RNA.DNA HETERODUPLEXES BY
CHEMICAL CLEAVAGE

R.G.H., Cotton and P.J. Wrightv

Murdoch Instituts, Royal Children‘s Hospital,
Parkville, Vic. 3052, and Dept. of Microbiology,
Monaeh Untiv., Clayton, Vic. 3168, Aaustralia.

An end-labelled cONA probe of kuown sequence was
prepared from the PUC-218 tsolate of deugue virus
type 2(DEN-2) and uged to form FNA.ONA hetero-
duplexes with viral RNA of two other DEN-2 isolatea,
namely Nevw Guinea C and D80-100. The auclelc acide
vere specifically cleaved at mismatched cytosine and
thymine bases following treatwent with hydroxylamine
and osmium tetroxide respectively. The points of
Cleavage in the end-labslled ONA probe were located
by slectrophoresis of the heteroduplex samples
through denaturing gels in parallel vith standard
Maxan and Gilbert reactions of the same probs. The
chemical cleavage mathod used io this study is of
Jeneral application to the study of variation 1n the
nucleotide sequences of RNA viruses. Provided
appropriate cONA probes are available, siguificant
regions of a gencms can be specifically targetted
for analysis. In gome instances, such as
epidemiological surveys, a "fingerprint* of
difference for a region usisg a probe of one sense
only may be sufficient., Alternatively, gore
detailed information can be obtained using DNA
probes of both senges againet positive and negative
atrand RNA.
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STUDIES ON THE MECHANISM OF READTHROUGH SUPPRESSION IN
MOLONEY MuLV.
A. Rein™, Y.-X. Feng?, J.6. Levin®, 0.L. Hatfield?,
7.5. Schaefer', R.J. Gorelick®, BRI-BRP, NCI-FCRF,
Frederick, MO' and NIH, Bethesda, MD* USA

In Moloney (Mo-)MuLY, an in-frame UAG termination
codon separates the gag and pol genes. -95% of the
translation products end at the UAG, but in the
rem.iiing 5% the UAG is read as Glin®. We have studied
the mechanism of readthrougn in Mo-MulV, using both
in vitro translation and experiments in vive. We find
(1) contrary to a previous report?, the suppression is
mediated by a normal, rather than virus-induced or
altered glutamine tRNA. (Z) Mutants containing UAA or
UGA in place of UAG are also suppressed, both in vitre
and in vivo, and are fully infectious. Thus,
mammalian cells contain tRNAs capable of inserting
amino acids in response to UAA and UGA as well as 'IAG,
and the signal required for UAG suppression is also
effective for the other two stop codons. While
suppression of UGA is well known, mammalian
suppression of UAA has only been documented fn ore
other case (Sindbis virus’). We are now attem;* to
identity signals {nvolved n suppressfon. Coaputer
analysis suggests the existence of several stem-,. .
structures near the UAG in Mo-Mul? RNA, byt n ~
experiments to date have not showe any of 1%em to be
sufficient for suppresston Me are also attempiing o
identify the amino acids insertzd {r resco-z¢ t. "°%

11320-1337, 1arn
(Resaarch sponso by the KCI under comtrect &. 81D .
Bionetics Research, lng.),

FOOT-AND-MOUTH DISEASE VIRUS PROTEASE 3C
INDUCES SPECIFIC PROTEOLYTIC CLEAVAGE OF
HOS 'CELL HISTONE HJ 5

Falk* , Pablo R. Grigera©®, Ingri?

Matthias M. 1
lGerd Multhaup*, Andree Zibert

E. Bergmann©,
and Ewald Beck
? Tentrum fur Molekulare Biclogie Heidelberg

(ZMBH) INF 282, ©D-6900 Heidelberg, FRG
2 Centro de Virologia Animal (CEVAN)

Serran o 661 (1414) Buenos Aires, Argentina

In feit-and-mouth disease virus (FMDV)

infected cells disappearance of the nuclear
protein histone H3 and the simultaneous appea-
rance of a new chromatin associated protein
“ermed Pi <an be observed. We have sequenced
tre amino lerminus of Pi and clearly showed
trnat . darives fr-m histone H3 by proteoclytic
“'a2avage. The 1S N-terminal amino acid residues
are sp ifically cleaved off early during
i faction. In addition using an ip vitro trans-
Criptionstranslation assay with different FMDV
Clones we showed that the histone H} - Pi tran-
s:tior 1. catalysed by the FMDV 3C protease,
which until now has only been found to be
respunsible for the processing of the viral
polyprotein. The 3C protease is the only FMDV
protein required to induce this histone H) -~ Pi
transition. As the deleted part of the histone
H3 corresponds to the domain presumed to be
involved in the regulation of transcriptional
active chromatin in eucaryotes, it is postula-
ted that this specific cleavage of H3 is a
mechanism which FMDV utilises to switch off
host cell RNA synthesis, as is reported for
picornaviruses.

18




o9

010

ANALYSIS OF A SECOND PROTEASE IN HUMAN
RHINOVIRUSES

T. Skern*, M, Zorn, W. Sommergruber1 P,
Volkmannl. I. Maurer-Fogyl, F. Fessl}, p.
Pallai2, J. Merluzzi?, D. Blaas and E.
Kuechler.*Institut fir Biochemie, Wahringer
Str. 17, 1080 Vienna, Austria,l EBI fir
Arzneimittelforschung, Or. Ernst Boehringerg.
5-11, 1120 Vienna, Austria and ¢Boehringer
Ingelheim Pharmaceuticals, 90 East Ridge,
Richfield, Connecticut, USA.

Evidence is presenteu that the protein 2A

of humen rhinovirus serotype 2 (HRV2) is a
protease. On expression of the VP1-ZA region

of HRV2 in bacteria, protein 2A was capable of

acting on its own N-terminus. Deletion
experiments showed that removal of 10 amino

acids from the carboxy terminus inactivated the

enzyme, Site-directed mutagenesis identified
an essential arginine close to the C-terminus
and showed that the enzyme was sensitive to
changes in the putative active site. This
analysis supports the hypothesis that 2A
belongs to the group of sulfhydryl protesses,

although sequence comparisons indicate that the

putative active site of HRV2 2A is closely
related to that of the serine proteases.

CHIMERIC HEPATITIS B VIRUS CORE PARTICLES CONTAINING
DENGUE-2 ENVELOPE PROTEIN EPITOPES INDUCE DENGUE
VIRUS NEUTRALIZING ANTIBODY

¢.J. Chang, D.W. Trent, A.R. Hunt, A.J. Johnson,
J.T. Roehrig, and B.E. Clarke

Div. of Vector-Borne Viral Diseases, Centers for
Disease Control, Fort Colling, CO and Wellcome
Biotech, Kent, U.K.

Defining major immunodominant regions of the
dengue (DEN) virus envelope glycoprotein has
facilitated development of flavivirus subunit
vaccines., Immune responses were elicited with free
synthetic peptides derived from the amino acid
sequence of the DEN virus envelope glycoprotein
administered in Freund's complete adjuvant. However,
because the immunogenicity of the free peptides was
much lower that of the whole virus, we constructed
chimeric hepatiris B virus core particles (HGcAg)
into which DEN virus envelope protein epitopes were
engineered into the amino-terminal end of the core
protein. Six DEN-2 amino acid sequences, repre-
senting antigenically fmportant epitopes in the Rl,
R2, and R3 domains of the envelope protein were
engineered 1Into HBcAg. Outdred and inbred amice
immunized with purified chimeric HBcAg produced
antf{bodies that reacted by ELISA with DEN-2 virus
and synthetic peptide equivalents of the inserts.
Antibodies produced to the chimeric particle which
contained the DEN envelope sequence from amino acid
35 through 55, neutralized virus Infectivity
in vitro. DEN virus envelope protein epitopes
‘presented on the surface of the HBcAg are extremely
immunogenic and potentially wuseful as subunit
vaccines for prevention of flavivirus disecse.
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PROPER PROCESSING OF DENGUE VIRUS NONSTRUCTURAL GLYCO-

PROTEIN NS} REQUIRES THE N~TERMINAL HYDROPHOBIC SIGNAL

SEQUENCE AND THE DOWNSTREAM NONSTRUCTURAL PROTEIN NS2a

B. Falgout, R. Cnanock, C.-J. Lai*. LID/NIAID,

Natl. Inst. Health, Bethesda, Maryland 20892, USA
Expression of dengue viral gene product$ involves

specific proteolytic cleavages of a precursor polypro-

tein. To study the flanking sequences required for ex-
pression of the dengue virus nonstructural glycoprotein

NS1, we constructed a series of recombinant vaccinia
viruses that contain the codinj sequence for NS1 in
combination with various lengths of upstream and down-
stream sequences. The NS1 products expressed by these

viruses in infected CV-1 cells were immune precipitated

and analyzed by sodium dodecyl sulfate-polyacrylamide

gel electrophoresis. The data show that the 24-residue

hydrophobic sequence preceding NS1 was necessary and

sufficient for the production of glyccsylated NSi, and
that this sequence was cleaved from NS1 in the absence
of most dengue viral proteins. This finding is con-

sistent with previous proposals that this hydrophobic
sequence serves as an N-terminal signal sequence that
is cleaved by signal peptidase. The cleavage between
the C-terminus of NS1 and the downstream prntein NS2a

occurred when the complete NS2a was present. Recombin-

ant viruses containing NS1 plus 15 or 49% of NS2a pro-
duced proteins larger than authentic NS1, indicating
that the cleavage between NS1 and NS2a had not oc-
curred. Failure of cleavage was not corrected by co-

infection with a recombinant virus capable of cleavage.

These results suggest that NS2a may be a cis-acting

protease that cleaves itself from NS1, or NS2a may pro-

provide sequences for recognition by a specific cellu-
lar protease that cleaves at the NS1-NS2a junction.

DEFINITION AND TRANSLATION OF THE FLAVIVIRUS
POLYPROTEIN

E.G. Westaway*, G. Cola, G. Speight and C.R. Parrish.
Dept. of Microbiology, Monash Univereity, Melbournse,
Australia.

The single long open reading frawme of the
flavivirus genomic RNA codes for a polyprotein of
about 3400 aminc acids. By nucleotide sequencing of
cloned cDNA of Kunjin (KUN) virus and N-terminal
amino acid sequencing of infected cell products, wve
have positively identified all the encoded
polypeptides and defined tha gene order
5'~C.prM.E.NS1.NS2A,NS2B.NSI. NSAA . NS4B.NS5-3",
includiag the boundaries of all 10 genes. The
C¥PTMIE cleavages occur vis a signal peptidase. The
rezaining cleavages occur at two consensus sites
coumon to all flaviviruses: Val-X-Alady preceding
NS1,NS2A and NS4B, and a aite containing two basic
apino acide {(defined originally by C. Rice and
colleagues) preceding NS2B,NSJ),NS{A and NSS. The
prot ® remain unidentified

Recombinant vaccinia viruses (recVV}i containing
KUN virus genes expreased the structural proteins pr¥
and E and the nonatructural proteins NS1,NS3 and NS5
{shown by immunofluorescence). The siungle gene
products NS3 and NS5 were each radiclabelled iu cslls
infected with the corresponding recVVs. Multigens
expression from cONA of NS3 P NS5 was detected only
as & full length labelled product in polyacrylaside
gels. Radiclabelled E vas cleaved correctly when
expressed froo the ci#A sequence C-PNS2B, either in
recVV infected cells or during in vitro tranalation
fros SP6 polymeraase transcripts with meabra added.

17




o1

LOCALIZATION OF NEUTRALIZATION EPITOPES IN
THE GLYCOPROTEINS OF SINDBIS VIRUS BY
ANALYSIS OF ANTIBODY ESCAPE VARIANTS
Ellen G. Straussi’, Alan L. SchmaBphni’, David S.
Stecd. and James M, Strauss!: 1Div. of Blologg.
Calit. Inst. of Tech., Pasadena, CA 91125;
2virology Div,, USAMRIID, Fort Detrick, Frederick
MD 21701; 3Dept. of Micro. and Immun., U. of
Maraand School of Medicine, Baltimore, MD 21201,

e have beon interested In localizing the
antigenic epitopes on the gl{coprotqms of an
alphavirus, Sindbis virus, which are involved in
virus neutralization. A panel of neutralizing
monoclonal antibodies (MAbs) were used to_select
Sindbis variants which no longer reacted with the
antibodies. To focalize the antigenic epitopes
present on glycoprotein E2, eight resistant
variants, as well as 4 revertants which had
regained reactivity, were sequenced throughout
the E2 region. In addition 4 isolates, selacted for
resistance to an anti-El neutralizing MAb were
sequenced throughout the E2 and E1 regions. All of
the salient changes in E2 occur within a relatively
small region between amino acids 181 and 216,
near the conserved glrcosylation site. Variants
independently isolated for resistance to the same
MAb were usuallg altered in the same amino acid,
although MAb 50 selected for changes at two
different residues.  Resistance to the sm?le
Et-specific MAb resuited from changes at Gly-132
of E1 to either Arg or Glu. Reversion occurred at
the sites of the original mutations, but did not
always restore the parental amino acid.
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A COMMUX LEADER SEQUENCE IS SPLICED To ALL SUBGENOMIC
RNAs OF EQUINE ARTERITIS VIRLS.

Tratt de Vries, Ewat Chirnside*, Peter Bredeubeck and
¥illy Spdan.

Institute of Virolegy, University of Utrecht, The
Netherlands.

During the replication of equine arteritis virus
{EAV}, 6 intracellular subgenomic RNAs are synthesised
by processing of genome length precuisor RNA.L Seyuenne
and northern blet analysis indicated that the viral RMis
torm 4 1'coterminal nested setl, similur in vrganisation
to torunaviral RMAs. Oligonucleotide hybridisation
analysis and primer estension esperiments showed that
the smallest RNas (RMA € and 9} are not coliucar with
w 3Yend of the genume. Sequence analysis of oDNY
clenes derived froa totael intracellular RNA revealed o
leader seynence of 208nt at the 5'ends of RNAs 5 and v
% leader specific probe hybridised in rolony blots te a
«tone mapped to the Y'end of the genome and in northeru
bluts te each subgenomic RNA. Sequence unalysis ot the
' end ot the genome positively jdentified it as th
urigin of the leader sequence; the sequence at the 31'vnd
gt the leader {AUCUCEA) and ol an area 50nt downstrear
{UUUGCAGGG) ure almost identical to the sequence of the
Tetrabymena tRYA 5'saplice site and internsl puiding
sequence respectively. The first 5 nuclew 5 (TUNA

.

ef the body of EAV RNAS b oand & are Ddenti The same
Seguviize was found at the 3 end ¢f the leuder sequence

{at the S5tend of the genomes and just wpstzeam o8 0RES 3
and 4 on the genume. These dala sagpest Uhat splicing o

multijple internal sites produces BV subgonomic mKNAs
with o commen 5°leader sequence.

IN VITRO_SYNTHES1S OF INFECTIOUS VENEZUELAN EQUINE
ENCEPHALITIS VIRUS RNA FROM A cDNA CLONE: ANALYSIS OF
A VIABLE DELETTON MUTANT
N.L. Davis* , L.V. Willis, J.F. Smith, and R.E. Johnston
Dept. of Microbiol. & Immunol., UNC, Chapel Hill, NC
27599 and Div. of Virol., USAMRIID, Ft. Detrick,
Frederick, MD 21701

A cDNA clone of Venezuelan equine encephalitis virus
{VEE) was constructed 1nd used as the template for syn-
thesis in vitro of infectious RNA genomes. A T7 promoter
directed RNA synthesis to begin at a G residue followed
by the exact 5'-terminus of the VEE genome. Transcripts
were specifically terminated just beyond the poly (A)
tract by using templates digested at a unique Not 1
site in this region. RNA transcripts of the cDNA clone,
but not the clone itself, were able to initiate a pro-
ductive infection of DEAE dextran-treated chicken embryo
fibroblasts (CEF). VEE antigens were demonstrated {in
RNA-transfected cells, and supernatants from transfected
cultures contained infectious virus particles. The cDNA
clone lacked 102 nuclectides ¢f th. v£E genome sequence.
The deletion, which also was present in the genomes
of progeny virions derived from the clone, did not appear
to affect growth in cultured CEF, baby hamster kidney
or Vera cells, or the virulence of progeny virions in
mice. The site of the deletion was mapped to the 3'-end
of the nspl) gene by comparison to other alphavirus
sequences. In this regtion, the VEE genome sequence in-
cludes two tandem 102-nucleotide repeats which can be
arranged in a stable stem and loop structure. The se-
quence remaining in the deleted clone retains one copy
of the duplicated sequence and, in addition, faithfully
preserves a portion of the predicted stem,
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ANALYSIS OF THE ROLE OF ICR-LIKE SEQUENCES IN
SYNTHESIS OF (+) STRAND GENOMIC RNA
Loren E. Marsh®, Gregory P. Pogue and Timothy C. Hall,
Departmeat of Biology, Texas A&M University, College Station,
Texas 77843-3258

The genomic RNAs of BMV (brome mosaic virus) possess
sequences at their 5' termini which resemble the internal
promoters of eukaryotic tRNAs. These sequences are found as
two blocks corresponding to the ICRs (internal control regions)
1 and 2 (also called A and B boxes) of tRNA genes. In
comparison with the tRNA consensus sequence, the 5’ ICR2 or
B box like sequence is well ccnserved on BMV RNAs 1 and 2,
whereas the 5’ ICR-like sequences are not as conserved on
genomic RNA3, However genomic RNA3 also possesses two
internal regions of ICR-like sequences with the more conserved
ICR2-like sequence found in the intercistronic region. In order
to study the role of the ICR-like sequences of RNAs 1 and 2 in
(+) strand RNA synthesis, a deletion mutant (or ARNA2) of
RNA2 has been used which replicates analogously to RNA3 in
requiring the presence of wild type RNAs 1 and 2.
Oligonucleotide site directed mutagenesis has been utilized to
make specific deletions and substitutions in cloned cDNAs from
which infectious RNAs can be transcribed in_vitro. Such
deletions indicate that the 5’ ICR2-like sequences of RNA2
make a significant contribution to (+) strand RNA synthesis.
Similar deletions have also been made on genomic RNA3. In
contrast with that of RNA2, the 5" ICR2-like sequences of RNA3
do not appear to contribute significantly to (+) strand RNA
synthesis. Instead the more conserved intercistronic ICR2-like
sequence appears to make a greater contribution to (+) strand
RNA synthesis.

INFLUENCE OF 3' TERMINAL MUTATIONS ON [N VIVQO
REPLICATION OF BROME MOSAIC VIRUS RNA2.
A.L.N. Rao*, B.P. Sullivan and T.C. Hall. Department of Biology, Texas
A&M University, Coilege Station, Texas 77843-3258, US.A.

Each of the four virion RNAs of brome mosaic virus (BMV) possess
a tRNA -like structure at the 3' end which is responsible for the specific
tyrosylation of the 3'CCAO terminus. Additionally this structure
interacts with host nucleotidyl transferase and functions as the promoter
for initiation of (-} strand synthesis. In order to elucidate the role of
tRNA mimicry in viral replication, we have introduced several
modifications encompassing the entire tRNA-like region and identified
a valuable pool of mutants that can be subjected to in vive analysis.
Three mutant sequences (5'PsK, 5°+3'PsK and AK nob), previously been
characterized to be defective in one or more tRNA associated activities,
have now been analyzed for their effect on jn vivo replication of BMY
RNA2 that is integral to the life cycle of the virus. Capped full length
mutant RNA2 transcripts synthesized ig vilro were mixed with wiid
type transcripts of RNAI and RNA3. When inoculated to barley
pr all RNA2 P d very poorly (>5%) but did not
interfere with replication and accumuiation of other RNA components.
Additional experiments with protoplasts confirmed that the factor
encoded by RNA2 scts in (fans and is only required in catalytic
amounts. Inoculation of mutant transcripts to i i
induced necrotic local lesions characteristic of wild type BMY infection.
To verify the progeny RNA2 in each mutant infection, single lesions
were isolated and propagated in barley plants. Sequence analysis of
progeny RNA2 indi d that input { were d to wild
type sequences derived from 3' homologous region of RNA3,
pr bly by r ination events.
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INFECTIOUS RNA FROM A FULL-LENGTH cDNA CLONE
OF CUCUMBER NECROSIS VIRUS. D.M. Rochon.
Agriculture Canada Research Station, Vancouver,
B.C. CANADA V6T 1Xx2.

Cucumber necrosis virus (CNV), a tombusvirus,

is a simple spherical virus ca. 30 nm in diameter
which contains a positive polarity RNA genome

4.7 kb in length. Virion RNA is probably capped

at the 5' terminus and lacks a 3' poly(A) tail.

The complete genomic sequence of CNY has been
determined. A full-length DNA copy of CNV was
constructed and placed downstream from the T7
promoter in the phagemid Bluescribe (Stratagene).
Transcription using T7 RNA polymerase resulted

in transcripts which were infectious when inoculated
to several CNV hosts. [nfectivity estimates

using the local tesion host Chenopodium amaranticolor
showed that capped synthetic CNV transcripts

were ca. 0.5% as infectious as natural virion

RNA. Virus derived from plants inoculated with

the synthetic transcripts, however, was as infectious
as the authentic virus. The 5' and 3' termini

of the synthetic transcripts contain 4 and 1
additional non-viral nucleotides, respectively.
Experiments are in progress to determine if
infectivity of the synthetic transcripts can

be improved vy removal ¢f 5' non-virai nucleotides

NUCLEOTIDE SEQUENCE OF THE 3' TERMINAL REGIONS

OF TOMATO RINGSPOT VIRUS RNA-1 AND RNA-2. M.E.

Rott, J.H. Tremaine and D.M. Rochon*. Agriculture

52gada2Research Station, Vancouver, B.C. “CANADA
1x2.

Tomato ringspot (TomRSY) is a member of the
nepovirus group which forms part of the
picornavirus-Tike superfamily. Both genomic
components of the bipartite TomRSV were cloned

and partially sequenced. The nucleotide sequences
were determined of ca. 2.5 kb and 5.5. kb at

the 3' ends of RNA-1 and RNA-2, respectively.
Comparisons of the 3' proximal nucleotide sequences
of RNA-1 and RNA-2 demonstrated near identity
over an extended region (1534 of 1535 nt).

The shared regions were devoid of Tong open
reading frames and thus are unlikely to have
coding functions. The sequences in RNA-1 and
RNA-2 upstream from the shared regions each
contained a single long open reading frame.

The deduced amino acid sequence in RNA-1 showed
strong similarity with the putative replicases

of picorna-like viruses. A portion of the upstream
sequence in RNA-2 showed amino acid sequence
similarity with the coat protein of the nepovirus
tomato black ring. The region upstream from

the putative TomRSY coat protein contained two
sets of direct repeats which preserved the single
long open reading frame in RNA-2. Efforts are
being made to complete the sequence and structure
of the TomRSV genome.
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GENOME STRUCTURE AND EXPRESSTON OF BERNE VIRUS,

THE PROTOTYPE TOROVIRUS.

Eric J. Snijder~, Johan A. den Boon, Willy J. M.
Spaan and Marian C. Horzinek.

Inst. of Virology, Vet. Fac., St. Univ. of Utrecht,
Yalelaan 1, 3584 CL Utrecht, The Netherlands.

Berne virus (BEV) is the prototype of a newly
proposed family of gpoeitive-stranded animal RNA
viruses, the Toroviridae. The BEV genome, a poly-
adenylated RNA molecule of 25-30 kb, is surrounded by
8 tubular nucleocapsid and a peplomer-bearing
envelope. In BEV-infected cells a genome-sized RNA
and 4 subgenomic viral RNAs are synthesized. Northern
blot anaslysis showed that the BEV mRNAs form &
3'-coterminal nested set. In vitro translation of
purified BEV mRNAs and sequence analysis of mRNA-
derived cDNA clones revealed the gene order 5°'-
polymerase - peplomer protein - small envelope
protein - nucleocapsid protein - 3’ along the genome.

UV transcription mapping data demonstrated that
the BEV RNAs are transcribed independently. By primer
extension and oligonucleotide hybridizations the
smallest BEV RNA (5) was found to be contiguous on
the consensus sequence. The nucleotide sequence
surrounding the potential tcanscription initiation
site shows a high degree of similarity to sequences
upstream of other ORFe. This suggests the presence of
four subgenomic RNA promoters on the template.

Except for the polymersse gene product (see
abstract P.J. Bredenbeek et al.), no amino acid
similarities between toro- and coronavirus gene
products were observed. Hence, our data on the
torovirus gerc.e siiucture justify the proposal of a
new virus family (Horzinek (1987); Intervirology 27:
17-24).

SEQUENCE OF THE NONSTRUCTURAL PROTEINS OF
TICK-BORNE ENCEPHALITIS VIRUS (WESTERN
SUBTYPE) AND COMPARATIVE ANALYSIS WITH
OTHER FLAVIVIRUSES

Christian W. Mandl', Frar: X. Heinz,
Elisabeth Stackl and Christian Runz.
Institute of Virology, University of Vienna
(Austria)

Tick-borne encephalitis (TBE) virus
(Western subtype vaccine strain Neudoerfl)
was cloned and the nucleotide sequence
coding for all rnonstructural proteins
(approximately B8 kb) was determined. The
amino-termini of the individual proteins
were assigned by comparison with other
flavivirus sequences. Amino acid homology
calculations between TBE virus and
mosqQuito-borne flaviviruses were performed
for all nonstructural proteins. An
evolutionary tree based on protein NS1 is
presented that reveala the molecular basis
of relationships among flaviviruses. Tick-
borne and mosquito-borne flaviviruses share
a common hydrophilicity profile and also
other features of their primary sequences,
such as the presumably functional Gly-Asp-
Asp sequence element within protein NSS.
Other characteristcs, auch as the potential
N-glycosylation sites of protein NS1 and a
potential proteolytic cleavage site within
protein NS4B, are conssrved within the
mosquito-borne group, but differ in the TIBE
virus sequence,
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CIS~ACTING ELEMENTS iNVOLVED IN REPLICATION QF
ALFALFA MOSAIC VJIRUS RNAs.
A.C.van der Kuyl, L.Neeleman, F.Dankerlui, C.J.Houwing,
E.M.J.Jaspers and J.F.Bol.
Leiden University, Biochem. Dep., Einsteinweg 5,
2300 RA Leiden, The Netherlands.

The genome of alfalfa mosaic virus consists of 3
RNA molecules. Coat protein is transiated from a
subgenomic mRNA (RNAL) derived from RNA3. An RNA-
dependent RNA-polymerase (RdRp), isolated from infected
bean plants, specifically initiated (-)RNA synthesis
on a (+)RNAL template and RNAL synthesis on a (-)RNA3
template in an in vitro assay. Using T7-transcripts of
mutated cONA3 as template, the RdRp recognition sites
involved in the initiation of (~)RNA and (+)RNA
synthesis were identified. Surprisingly, the extreme
3'-ends of (+)RNA templates are not involved in this
recognition.
Transcripts of cDNAs 2 and 3 were infectious and
permitted a study of the RNA replication in vivo.
The results differ substantially from those obtained
with brome mosaic virus.

VARIABILITY AND EVOLUTION OF FIELD ISOLATES OF PLANT
RNA VIRUSES.
Emilio Rodriguez—Cerezo (1)(®), Santiago F.Elena (2),
Andrés Moya (2) and Fernando Carcfa-Arenal(1l).
(1)Dpto. de Patologia Vegetal, E.T.S.I. Agrénomos,
28040 Madrid, Spain, and (2) Laboratorio de Genética,
Facultad de Biologfa, 46100 Burjassot, Valencia,Spain.
Quantitative studies on the genetic variation of
plant RNA viruses are very scarce, in spite of their
theoretical and applied importance. We report here on

the genetic variability and evolution of field isolates

of the plant RNA virus U5-TMV naturally infecting the

wild plant Nicotiana glauca Grah. The populations «!u-
died were composed of a high number of haplotypes, that

seemed to be selectively neutral according to Ewen -

Watterson's teat. Two main features are found regarding
U5-THV evolution: 1st) there is no correlation between
genetic proximity of isolates and geographic proximity

of the sites from which they were obtained; 2nd) the

estimated divergence among haplotypes is low,and valuec
are maintained no matter the scale of the distance be-
tween the sitea from which the isolater come. No compa-

rable studies have been done with a plant RNA virus,

and these two features seem to be unique for this sys-

tem as compared with other RNA virusee

The distribution of the observed genetic variation
on the different regions of the genome has been studied
in an attempt to understand the functional significance
of this evolutionary model. Conserved and variable do-

mains were found not correlating with viral genes.
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CLONING AND CHARACTERIZATION OF THE HOG CHOLERA
IRUS IN AN EXERE?SION VECTOR 2
Muyldermans G,, “Obviar L.,, Caij A., “Qubois N.,
De Smet A., ‘Cornelis P., “Koenen F., “Hamers R

L. Vrije Universiteit Brussel, Paardenstraat 65,

1640 Sint-Genesius-Rode
2. Nationaal Instituut voor Dierqeneeskundig

Onderzoek, Groeselenbera 99, 1180 Brussel

Hog Cholera Virus was obtained and concentrated
100 times by ultrafiltration (Millipore) of the spent
medium of HCV infected PK-15 cells arown in1 vtodex 3
microcarrier givina a final titer of 5 x 10°°TCID,,/m1.
The RNA was extracted usina the hot phenol/auanidiRium
method and was used as template for the synthesis of
complementary DNA by the method of Gubler & Hoffmann.
The cONA was cloned into the vector arms of A
usina EcoRI linkers and recombinant phaaes anSA’in
E. coli Y1090 were screened with porcine hyperimmune
serum against HCV( B. Liess, Hannover, FRG)
using the biotinylated proteirA - streptavidin horse-
radish peroxidase system. Four out of 50,000 plaques
screengd reacted positively to the serum. Each of the
recombinant phages contained an insert of less than
300 bp Which hybridized specifically with a high mole-
cular weight RNA band in a Northern blot with RNA from
HCV-infected PK-15 cells. Crude protein extracts were
prepared from E. coli Y1089 lysogens and the fusion
proteins were purified by antifd-galactosidase immuno-
affinity adsorption. The purified fusion protein
reacted positively to HCV antisera but not negatively
to Bovine Viral Diarrhea Virus antisera

TORO- AND CORONAVIRUSES: A NEW SUPERFAMILY OF
POSITIVE STRANDED RNA VIRUSES.

Peter J. Bredenbeek®, Eric J. Snijder, Ans F. H.
Noten, Johan A. den Boon, Marisn C. Horzinek and
Willy J. M. Spaan. Inst. of Virology, State Univ.
of Utrecht, Yalelaan 1, 3584 CL Utrecht, The
Netherlands.

Toro- and coronaviruses both are enveloped
positive-stranded RNA viruses containing a large
gcnomic RNA (25-30 kb). Similarities between both
virusfamilies in genome organization such as the
order and the types of genes along the genome and
the presence of multiple subgenomic RNAs have
vecently been established. Besides these common
features there are significant differences in the
replication atrategy of both virus families (see
abastract E. J. Snijder et sl.).

The polymerase (pol) ge of IBV is the only
coronaviral pol gene whose sequence has been
published (Boursnell et al., J. Gen. Virol. 68,
57-77); no torovirus sequences have yet been
published. Recantly we have sequenced a substantial
part of the pol genes of the coronavirus MHV-A59
and the torovirus BEV. The MHV sequence revesled at
least two ORFe. In contrast to the sbsence of any
noticeable conservation in the amino acid sequence
of the firet ORF of the pol gene, the predicted
amino acid sequence of the second ORF was well
conserved between MHV and IBV. Comparison of the
predicted amino acid sequence from the 3' part of
the pol gene of BEV with the product encoded by
ORF2 of the coronavirus pol gene revealed striking
similarities. These data eeem to justify the
rclagsification of toro- and coronaviruses into &
new superfamily.
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MOLECULAR CLONING AND EXPRESSION OF A RNA-DEPENDENT
RNA POLYMERASE OF PLUM POX VIRUS IN ESCHERICHIA COL)

G Himmier, F. Regner, H. Steinkeliner, D. Mattanovich and H. Katinger

Institut fix Angewandle Mikrobiologie, Peter-Jordanstrafe 82,  A-1190
Wien, Austria

The complete nucleotide sequence of Plum Pox potyvirus (PPV)
shows one single open reading frame, coding for a protein of Mr
354 kD*'. The amino acid sequence shows similarities to other
viruses with different degree of homology, depending on the re-
spective genes.

The predicted amino acid sequence of the Nib-like region,
located adjacent 1o the coat protein (at the C-terminus® )at the po-
lyprotein shows homologies of 61.3% to the respective protein of
Tobacco Vein Mottling Virus and 55% to that of Tobacco Etch
Virus. A typical polymerase sequence motif"
RYFVNGDDLVLAYV, can be identified in this protein. To iden-
1ify the function of this Nib-like protein we have cloned the gene
into the E. coli expression vectors and purified the recombinant
protein

! Maiss ot . (1989) J. Gen. Virol 70 513
Mattanovich et al (1988) Virus Genes 2.119
3 Argos P {1988) Nuclew Acids Res 16.990%

MOLECULAR CLONING OF DEFECTIVE-LIKE RNA OF Two
HOROEIVIRUSES

P.0. Nagy, Plant Protection Institute, Hung.

Arad. Sci., Rudapest, P.0.Box lo2, H-1525

Hungary

Hordeiviruses, type member 1s barley
stripe mosaic virus (BSMV), have three genomic
RNAs which are encapsidated separately in rod-
shaped virions. One strain of BSMV contains a
defective RNA (RNA 4}, which is originated from
RNA 3 (McFarland et al., 1983).

We found a similar, extra RNA (RNA 4) 1n
purified virions of two other hordeivirus 1s0-
lates, i.e. the Type strain of poa semilatent
virus (PSLV) and M1-Da2 strain of lychnys ring-
spot virus (M1-Da2). Genomic RNAs as well as
RNA 4 of both viruses were isolated and then
copied into cONA and cloned into pUC 1B. Clones
corresponding to each RNA were i1dentified.

Northern blot analysis of encapsidated
RNAs of both viruses showed that their RNA 4
1s not originated from RNA 3, as in the case
of BSMv. Clones of RNA4 of M1-Da2 hybridized
only to RNA 2 and 4, but not to 143. RNA &4 of
PSLV was found to show great sequence homology
with RNA 1 or 2 (RNA 142 are poorly resclved
by denaturing agarose gel electrophoresis),
but not to RNA 3.
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THE 5'-TERMINUS OF MURRAY VALLEY ENCEPHALITIS VIRUS RNA
1S CONSERVED AND FORMS A STABLE SECONDARY STRUCTURE.
R.J. Coelen and J.S. Mackenzie. Department of
Microubiology, University of Western Australia,
Nedlands, Perth 6009, Australia.

The 5' non-coding region of the genomes of 11 isolates
of Murray Valley encephalitls virus (MVE) from Aust-
ralia and Papua New Guinea were examined by primer ex-
tension sequencing. It was found that the 5' non-
coding region of all isolates was highly congerved.

The two isolates i{rom Papua New Guinea contained an
extra uridine residue, nominally positioned after
nucleotide 54, which was absent from all but one of the
Australian isvlates tested. This isolate (OR 156) con-
tained a further uridine residue at the same site. It
should be noted that OR 156 and the two Papua New
Guinean {solates have been shown to be at least 72
divergent in other areas of the genome (NSl and E).
None of the changes found in the 5' non-coding region
appreciably altered tne predicted secondary structure.
It is noteworthy that none of the rlav!viruses examined
to date possess the consensus sequence surrounding the
inftiatar codon (GCC(A/G)CCAUGG which has been found in
most eukaryotic mRNAs nor do they possess the in phase
GCC unit upstream from AUG. The conservation of
secondary structure among these isolates, and flavi-
viruses in genzral, suggests that structure rather than
primary sequence may be important for the initiation of
translation with these viruses.

RNA SYNTHESIS OF A POLIOVIRUS MUTANT IN VIVO

AND IN VITRO

Janet Novak* and Karla Kirkegaard

Dept. of Molecular, Cellular, and Developmental Blologv;
University of Colorado; Boulder, CO 80309-0347 USA

INC202, a4 tempersture-sensitive mutant of poliovirus
with an insertion in the 3' noncoding region, has {ts
primary defect in RNA synthesis {Sarnow et. al., Proc.
Nati. acad. Sci. USA, 83:571-575, 1986; P. Sarnow,
personal communication). To distfnguish positive and
negative strand synthesis, strand-specific probes were
hybridized to RNA from 3INC202-infected cells. 1In
comparison with control samples kept at the permissxve
condition of 32.5° C, cells shifted to 39. 5% C several
hours post-infection accumulated nearly normal amounts
of positive strand RNA but little negative strand RNA.
Thus, the primary defect of 3NC202 is {n negative strand
synthesis.

To study the specificity of poliovirus RNA replica-
tion in vitro, we tested whether INC202 negative strand
synthesis in vitro was temperature sensitive. Our
in vitro system used highly purified poliovirus RNA-
dependent RNA polymerase, partially purified terminal
uridylyl transferase (TUTase), and a virion RNA tem-
plate. TUTase can act as host factor for negative
strand synthesis in vitro by adding oligo(U) to the 3’
end of the poaitive strand, allowing a hairpin prlmer to
form. We quantified RNA synthesis at 32.5 and 39. S
from mutant and wild-type templates. Over a range of
template concentrations, the behavior of 3NC202 was
almost f{dentical to that of wild type, with -lightly
less RNA synthesized frowm both templates at 39. s°
Thus, this in vitro system does not mimic the speclf!-
city observed in vivo for INC202 RNA syntheais.
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VARIANT FOOT-AND-MOUTH DISEASE VIRUS FROM
PERSISTENTLY INFECTED CELLS.
J. Diez‘l, J.C1 de la Torrel, J.A. Heler02
and E. Domingo”.
l-Centro de Biclogia Molecular (CSIC-UAM),
Univ. Auténoma Canto Blanco 28049 Madrid,
Spain.
2-Centro Nacional de Microbiologta,
Virologfa e Inmunologia Sanitarias.
Ma jadahonda. Madrid. Spain.
In the course of a persistent infection of
BHK-21 cells with foot-and-mouth disease
virus (FMDV) a coevolution of the cells and
the resident virus cccurs (de la Torre et
al. J. Virol. g2, 2050-2058, 1988). We have
cloned and sequenced the structural
protein-coding region rf the variant virus
dominant atter 100 passages of the carrier
cultures. Several amine acid substiiutions
were fixed in VPl, VP2 and VP3,
particularly at the N-terminus of VP3. The
latter have been confirmed by direct
protein sequencing of purified VP3. This
variant virus shows multiple phenotypic
alterations, including an increased ability
to overcome a restriction imposed by the
coevolved host cells.

HUMAN RHINOVIRUS SERQTYPE 2:
IN VITRQ SYNTHESIS OF AN INFECTIOUS RNA
M. Duechler®, T. Skern, D. Blaas, B. Berger, W.
Sommergruberl and E. Kuechler.
*Institut fur Biochemie, Wahringer Str. 17,
1090 Vienna, Austria and 1EBI fur Arznei-
mittelforschung, Or. Ernst Boehringerg. 5-11
1120 Vienna, Austria

A strategy for the synthesis of a complete
cONA copy of the HRV2 genome has been
developed; this cDONA copy was placed under the
control of a 17 RNA polymerase promoter. An 1n
vitro transcribed RNA containing two extra G~
residues at the 5' end gave rise to plaques on
transfection into Hela cells. The efficiency
was approximately half that obtained with viral
RNA. On the cootrary, a8fn in vitro synthesised
RNA containing 16 additional nucleotides at the
5' end was not 1nfectious. This ability to make
an 1nfectlous 1n vitro transcribed RNA will te
vseful 1n studylng virus-receptor 1nteractions
and other aspects of the virus life cycle.
The use of site-directed mutagenesis ta
produce viruses with altered properties will
te described.
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TURAL ANALYSIS OF NCDAMURA VIRUS RNAZ, THE

-ER RNA FOR THE COAT PKOT-'M PRECURSOR.

Fasguptaﬁl. Jooy. Sgrul. P. Katabergl. I, P, Heryz
!. E. Johnsond. 1. Institute for Molecular

Vvirology, University of Wisconsin, Madison, Wl 53706

USA. 2. Department of Biclogi:al Sciences, Purdue

“niversity, West Lafavette, IN 47907, USA,

Nodamura virus (NOV), originally {solated from
mosquitoes, is the type member of the family of fnsect
viruses called Nodaviridae. It {s unique among the
Nodaviridae in its ability to cause fatal infection in
vertebrates as well as in insects. Moreover, NOV,
unlike other closely related Nodaviruses, does not
infect cultured Drosophfla cells and does not show any
cvtopathic effect in most Insect cell lines. Trans-
fection of NOV RNAs into Drosophila cells shows that
NOV viral RNA synthesis {s not impaired. This suggests
a change {n the reglon of coat protein responsible for
fnteraction with the host. We have, therefore, deter-
sined the nucleotide sequence of NOV RNAZ and compared
it with the known sequence of black beetle virus (BBV)
RNA2 [Dasguptas et al., Nucl. Acids Res. 12, 7215-7223
(1984)]. The deduced amino acid sequence was compared
and mapped relative to the BBV structure obtained by
refinement of X-ray rrystallographv data reported
previously [Hosur et al., Protefns: Structure, function
and genetics 2, 147-176 (1987)}. The results show an
average of fifty percent difference in the primary
sequence at hoth the nucleotide and amino acid level.
The majority of the amino acid difference mapped near
the outer aqurface of the BBV virion, a possible area
for interaction with the cell surface.

We were {nterested {n screening a series of {solates of ]
the protozoan Leishman for the presence of viruses.
Ihe experimental procedure we used was based on an
enzymatic assay originally developed for viral RNA-
dependent RNA polymerases. Simultaneously, total
promastigote nuclelc acld preparaticns were analyzed
for the presence of viral genome and/or transcripts.
Twe lsolates, both classified as L.braz{liensis
guvanensis, were found to be positive for RNA poly-
merase activity and to carry a large (fkilobases) RNA
species. The polymerase reaction products hybridized
to the 6 kb RNA, believed to be the viral genome. In
conjunction with electron microscopical observattons
these reaults indicate the presence of an RNA virus {n
these Leishmania f{solates. Preliminary evidence
suggests that {n our RNA dependent RNA polymerase assav
we are making primarily plus sense RNA. Although we

are not certain of the polarity of our virus, given

the size of the genome and the other evidence we

think we ave looking at a new plus sense RNA virus
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NUCLEOTIDE SEQUENCE AND GENOME ORGANIZATIUN OF BRCAD
BEAN MOTTLE VIRUS; SEQUENCE HOMOLOGIES w1TH OTHER
BROMOVIRUSES.
Aleksandra M. Dztanott and Jozef J. Bujarski
Northern 1llinois University, Department of Biological
Sciences and Plant Molecular Biology Center, DeKalb, IL
€0115, USA

In order to study virus-—encoded functions which are
involved in virulence, host range and other plant-virus
interactions, we do interrelated and comparative studies
of three bromoviruses: brome mosalc virus (BMV), cowpea
chlorotic mottle virus (CCMV) and broad bean mottle
virus (BBMV).

In this communication we present the complete
sequence and genome organization of BBMV. Like in BMV

W CCMV, the BBMV genome 1s composed of four single-

stranded pesitive-sense components. The length of BBEMV
RNAs | and 2 is similar to that for BMV and CCMV,
whereas BBMV RNA3 has longer 5'end noncoding reglon
and ionger intercistronic region. The RNAs are capped
at the 5’end and contain a tRNA-like structure at the
3" end. Unllke for BMV, CCMV and other similar viruses
BBMV subgenomic RNA4 has an A as {ts 5' terminal nucleo-
tide suggesting some special features in the mechanism
of replication of BBMV RNAs.

Sequence analysis indicate that BBMV RNAs 1 and 2
socistronic whereas RNA3 1s dicistronic. These

are T
data agree with the results of in vitro translation
experiments.

Sequence homologles among analogous RNA components
comprise mest of the length of RNAL and 2 in three
bromoviruses. On the other hand, components 3 differ
1 sequence substantially.

TYMOVIRUSES STRATEGIES OF EXPRESSION AND INSERTION IN
THE "SINDBIS-LIKE™ SUPERGROUP.

M.D. MORCH*, J.C. BOYER, G. DRUGEON AND A.L. HAENNI.
Institut Jacques Monod, 2 place Jussieu, 75251 PARIS
cedex 05, France.

Tymoviruses are icosahedral plant RNA viruses with a
monopartite positive stranded genome of about 6000
nucleotides. The type-member is Turnip Yellow Mosaic
virus (TYMV). The interest raised by TYMV mostly relies
on the tRNA-like properties of its genome (not discussed
here) and on the variety of strategies it utilizes to
express as many as 9 proteina from a unigue and
relatively small genomic RNA. Recent translation
experiments will be presented that characterize the
proteolytic processing step involved in the syntheais of
some of its nonstructural proteins.

Molecular cloning and ing of the s of
TYMV (1) and of several other tymoviruses confer to
these viruses the status of appropriate experimental
mcdels to study viral replication, host specificity and
to test anti-viral straltecgies such as the "sense-RNA"
approach (2).

Finally sequence comparisons among the non
structural proteins encoded by tymovirusea and by other
plant and animal (+) RNA viruses streas the conservation
of the already described NTP-binding and polymerase
domains. All these observations lead to the insertion of
the tymovirus group within the “"$Sindbis-like"” supergroup
of (+)} RNA viruses as oppos:d to the “picorna-like”
supergroup and lend support to the hypothesis of modular
evolution for these viruses.

1. Morch, M.D., Boyer, J.C. and A.L. Haenni (1988) Nucl
Acids Res. 16:6157-6173

2. Morch, M.D., Joshi, R.L., Denial, T.M. and Haenni,
A.L. (1987) Nucl. Azids. Res. 15:4123-4130
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SYNTHESIS OF NIP YELLOW MOSAIC VIRUS SUBGENOMIC RNA
IN VIVO AND IN VITRO ; COMPARISOUN WITH ALPHAVIRUSES.

R. SARGVUKIT®, R.L.JOSHI, J.BOLY, S.ASTIER-MANIFACIER®,
M.DL, MTRCH AND A.L. HAENNI. Institut Jacques Monod, 2
place Jussieu, 75251 PARIS cedex 05, France; *Department
vf Biochemistry, State University of Leiden, 23000 RA
Leidern, The Netherlands; *Laboratoire de
Phytopathologie, INRA, route de Saint-Cyr, 78000
Versailies, France.

Turnip Yellow Mosaic Virus (TYMV) poasesses a
single-astranded (+) RNA genome. This genomic RNA is
priycistzonic, the coat protein gene being 3' proximal.
The coat protein is synthesized via a subgenomic RNA.

To inveatigate the mechanism leading to the
formation of the subgenomic RNA in vivo, the
double-stranded RNAs isclated from infected leaves were
characterized by Northern Frlot hyoridization under
rnative and deraturing conditions and by direct labelling
of nascent ({(+) RNA strands. The results obtained
der:ornstrate that the subgenomic RNA is synthesized in
vivy Ly internal initiation of replication on a (-) RNA
of genomic size.

Replication experiments were performed in vitro to
identify on the (-) RNA the internal promoter involved
in this mechanism. Our results indicate that the "core”
of this promoter is located 3' of the sequence
corresponding to the subgenomic RNA, at a distance of 26
to 55 nucleotides from the start of replication of this
RNA. Furthermore the nuclectide saequence in this
promoter region shares homology with the consensus
sequence of the internal promoter determined for animal
alphaviruses.

DENGCUE VIRUS EPIDEMIOLOCY DETERMINED BY LIMITED
GENOMIC SEQUENCING
R. Rico-Hesse, Yale Arbovirus Res. Unit, Yale Univ.
Sch. Med., P.O, Box 3333, New Haven, CT 06510 USA
Dengue viruses have progressively extended thelr
geographic distribution and are now the most lmportant
mosquito-borne viruses associated with human illness.
Determining the genetic varlabillty and transmission
patterns of these viruses Is crucial in developing
effective control strategles for the dlsease. Eighty
geographically and temporally diverse dengue virus
stralns of human and mosqulito origin were compared by
primer-extension sequencing of the RNA template. Forty
isolates represent serotype 1 and the remainder sero-
type 2. Comparison of nucleot!de sequences from <3\ of
the dengue genome provided sufficlent lnformatlion for
determining genetic relationships amung these virus
lsolates. The analysts of 240 nucleotides from the
E/NS1 gene reglon revealed that the evolutlonary
patterns of dengue viruses of serotypes 1 and 2 are
different, as are the transmisslon pathvays of the
virrese across the world, The quantitative comparison
of these nucleotide sequences dlsclosed previously
unknown evolutlonary relationshlips between disease
outbreaks. Viruses fell into £lve distinct genotyplc
groups for each of the two serotypes. Max{mum diver-
gence across the E/NS1 gene region among type 1 virus
Isolates reached 9%, while for type 2 strains It vas
almost twice as high. Por type 2 viruses, one geno-
typic group represents an lsolated, sylvatic virus
cycle which apparently has evolved Independently 1in
Africa. This is the first genetlc evidence that a
sylvatic cycle of dengue virus exists.
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INFECTIOUS THEILER'S VIRUS cDNA CLONES: STUDIES OF

INTRATYPIC RECOMBINANTS AND VIRAL POLYPROTEIN

PROCESSING ; t : 21

R.P. Roos' , S. Stein', J. Ohara’, J. Fu', B.L. Semler®. "Dept. of

Eleuruloy, University of Chicago, School of Medicine, Chicago, IL 60637,
Dept. of Microbiology and Molecular Genetics, College of Medicine,

University of California, lrvine, CA 92717

Theiler's murine encephalomyelitis viruses (TMEV) are mouse
picornaviruses that can be separated into two subgroups on the basis of
their biological aclivities. DA strain and other members of the TO

bgroup cause a persi d finating infection in mice, while GDVII
sirain and other GDVIT subgyoup strains cause an acule kethal poliocncepha-
lomyelitis and neither persist nor demyeli e g d an infe
DA clone inseried into a Lranscription vector. The infectivity of in vitro
derived DA teanscripts was enhanced by reengineering the clone to bring
the 5' end of the DA genome two nucleotides downstream [rom the T7
promoter. Vitus derived from transfection of the transcripts produced
an inlammatory demyclinating disease in mice indistinguishable from DA
wild type virus, Using the DA infectious clone and GDVII ¢cDNA
subgenomic clones, we were able to produce chimeric genomes and
interstrain recombinant viruses that will help to identify the gencticloci
responsible for the sirains' varied biological activitics.

In order L0 investigate polyprotein processing of Theiler’s murine
encephatomyetitis viruses (TMEV), we analyzed jg vilto translation
reactions programmed by in vileg derived transcripts from the infectious
fult-length DA cDNA clone. To help identify the proteinases that carried
out the processing, the DA ¢DNA clone transcription 1emplate was
modified by lincarization with varied restriction cndonucleases that cut
the 1emplaie at different lengths or by linker insertion and/or deletion
mutationsin pulalive proteinase-coding regions. This informalion may
bcinxponan(nn{unhcrinvesﬁgaﬁonso(lhcabnurmalvhusexpr:sqon
scen in DA virus late demyelinating discasc, since polyprofein processing
is critical in determining picornaviral genc expressian.

RAPID MOLECULAR EVOLUTION OF WILD TYPE 3
POLIOVIRUS INFECTION OF INDIVIDUAL HOSTS,
LEENA KINNUNEN? ANITA HUOVILAINEN and TAPANI
HOVI Molecular Biology Unit National Public
Health Institute, Helsinki, Finland

The mutation rate of RNA viruses 13 known
to be high, which allows for great
adaptability and rapid evolution in presence
of selection mechanisms.

An outbreak of poliomyelitis with
widespread circulation of wild type poliovirus
3 throughout the country was discovered in
Finland between August 1984 and January 198S5.
Finland had been free of poliomyelitis since
1964 as a result of a high coverage
immunization programme with the inactivated
poliovirus vaccine.

In this study the extent of molecular
variation and evolution was followed during
wild type poliovirus 3 replication in several
individuals. Altogether, the antigenic
characteristics of 153 plaque purified virus
strains from sequential faecal specimens from
eight patients were analyzed with a pattern of
nine monoclonal antibodies. Selected plaque
purified viruses (34 strains) were further
studied by partial RNA sequencing. The
sequenced regions encode amino acids that are
exposed on the virus surface and constitute
the major antigenic sites. Almost every
clinical isolate seemed to be a mixture of

‘eriants. Very often rapid evolution took
g ace between sequential isolates and amino
acid substitutions were seen at the known
antigenic sites.
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HOMOLOGQOUS POTY-, FLAVI- AND PESTIVIRUS PROTEINS
BELONGING TOC A SUPERFAMILY OF HELICASE-LIKE
PROTEINS. RNA STIMULATED ATPase ACTIVITY OF PLUM
POX POTYVIRUS CI PROTEIN.

Sonia Laint*, Jose L. Riechmana, Maria 7. Martin,
Carlos Lépez-Ctin, and Juan A. Garcia.

Centro de Biologia Molecular (CSIC-UAM).
Universidad Auténoma. Canto Blanco. 28049
Madrid, Spain.

Plum pox potyvirus genome corsists of a 9786
nucleotide long positive sense RNA molecule with
its 5' end covalently linked to a protein (VPg)
and a 15-500 nucleotide long polyA tail at its
3'end. An AUG triplet at position 147~149 has
been assigned as the initiation codon for the
translation of a genome size viral polyprotein
of 3140 amino acid residues. The nucleotide
sequence of the non-coding regions and the
predicted amino acid sequence of the polyprotein
were compared with those previously reported for
other potyviruses as well as with other
sequences from viral or cellular origin.
Cleavage of the PPV polyprotein at several of
the putative recognition sequences for the 49kD
PPV protease has been confirmed by amino
terminal sequencing of the processed products
and site directed mutageneris. The potyviral CI
protein, which contains sites A and B of the
so-called NTP-binding motif, {s closely related
to the NTP motif-containing proteins of animal
flavi- and pestiviruses and to a superfamily of
cellular helicase-like proteins. Preliminary
results indicate that the Cl protein of plum pox
virus presents in vitru ATPase activity
stimulated by the presence of RNA,

REPLICATIVE FCRM OF NUDAURELTA B viruS ana
D Hendry , D du Plessis and G Mokhosi

Dept of Microtiology, Rhodes udniversity,
GRAHAMSTOWH, South Africa,

Nudaurelta B virus NBVI which infecte tra oo
emperor moth, Nudaurelia cytherea capensis,
type member of the Tetraviridae, = a7~
established fanily of 1nsect-pathocenric
riboviruses with T=4 1cosahedral capsic symmetry.
cell line supporting the replicaticn o these virute
has yet to be found. Thus, littie 15 Fnowr o€ tre~
replication strategy, except that el -Tres
translation of the gencmi¢c RNA resuit” 1n ire
synthesis of a range of polypeptides, none 0f whic:
corresponds to the single coat protein of M about
65000. T

The genome of NBV consists of a sngle stoang ¢
positive-sense RNA of about 5.3 kilobases, Extracti~-
of double-stranded RNA [dsRNA)} from individual viryc-
diseased larvae yielded only one major species wit™
twice the M of the genomic <3NA. This  dsRNE
hybridized with a radio-labelled virion RNA probe, an:
1s thus probably the replicative form of the wvir:
genome., No other dsRNAs were detected unless <tre
agarose gels were overloaded with material extractes
from pooled larvae. None of these minor dsRNAS *Ha+
sequences [n common with the genomic RNA probe. No
dsRNAs could be detected in larvae that were virus-
free.

None of the opolypeptides produced by cell-free
translation of the virion RNA were precipitated bv 2
polyclonal anti-NBV serum. [n the absence of evidence
for a subgenomic RNA, the mechanism of coat preotein
synthesis remains obscure.
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CIS-ACTING REGULATORY SEOUENCES IN ALPHAVIRUS GENOMES
Richard J. Xuhnt, Bert G. M. Niesters, Zhang Hong and
James H. Strauss. Division of Biology, California
Institute of Technology, Pasadena, CA 91125 USAa

Comparative sequencing of alphavirus genomes has
identified four regions which exhibit a high degree =7
nucleotide consetrvation. Tt has been postulated <what
these sequences serve as replicase binding sites. A
full-length <cDNA clone of Sindbis virus, the type
alphavirus, has been utilized in a molecular geneti:
approach to study the function(s) of these regions. In
particular, the 3' 19 nucleotide conserved region alon:
with the genomically encoded poly(A) tract has been
analyzed by site-directed mutageresis to determine the
role of such cis-acting sequences in minus-strand RNA
synthesis,

We report here the construction of a full-length
CDNA clone from which infectious RNA can be transcribed
of Ross River virus, another member of the alphavirus
genus. This hag enabled us to construct hybrid viruses
between Ross River and Sindbis. 1In particular, the &'
and 3' non-translated regions of each virus have been
exchanged and the effect on virus replication has been
studied, In addition we have generated a hybrid virus
which contains the nonstructural proteins of Sindbis
and the structural proteins of Ross River. This virus
displays a host range similar to Ross River virus and a
replication efficiency intermediate between Sindbis and
Ross River. This virus, and other structural protein
hybrids, will prove wuseful in investigating the
pathogenic properties exhibited by these viruses.

ORGANIZATION OF BEET YELLOWS CLOSTEROVIRUZ
GENOME

V.V. Dolja®, A.V, Karasev, A.A. Agranovsky
and J.G. Atabekov
A.N. Belozerasky Laboratory at Moscow State
University, Moscow 119899

Virion RNA of beet yellows virus (BYV) is
a8 megsenger-sense RNA of aboyt 14.5 kilobages
containing no poly(A). Its 3 end is represen-
ted by the non-coding sequence sharing no ob-
vious similarity with the tRNA-like structu-
res in plant viral RNA genomes reported so
far. Translation of BYV RNA in cell-free sys-
tem ylelded & major polypeptide of 250K and
some lighter products from which 66K was the
moat prominent. None of the products was fo-
und to coincide with the coat protein in ele-
ctrophoretic mobility or immunologikal pro-
perties. The synthesis of all the BYV RNA-
directed polypeptides was blocked by the cap
analogue, thus suggesting the presence of a
cap structure at the 5 end of virion RNA.

The single-stranded RNA from BYV-infected
plants contained at lsast six RNA species of
genomic and subgenomio (6.3, 4.8, 2.7, 1.6,
and 1.,0) sizes, Double-stranded analogues
have been found for all these RNAs. Thus, the
strategy of BYV genome expression possibly
involves formation of subgenomic RNAs.

BYV displaeys sharp differences with anot-
her representative of closterovirus group,
apple chlorotic leaf spot virus, in genome si-
ze and the absence of poly(A). Hence these vi-
ruses can be hardly grouped together.
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THE MAJCOR ECHO VIRUS SUBGROUP IS GENETICALLY LIQ5L:
RELATED TO COXSACKIE B VIRUSES

Timo Hyypid* and Petri Auvinen, Department of Viru!l
University of Turku, S$F-20523 Turku, Finland, SF-
Turku, Finland

ECHQ viruses are the largest subgroup ~f cntercwv
comprising 3! serologically distinct members. -
tive analysis by using nucleic acid hydridiza
revealed that a majority of ECHO viruses res
sackic B viruses (Auvinen et al., Arch. Virol., ;
press). FCHO virus 22, however, is an exception and
does not share homology with any of the enteroviryses
studied. In order to understand the organizatiun -f
ECHO virus genomes at a detailed level we have stari.:

n

le = w-

nuzleotide sequence analysis of ECKHO virvuses 11 and [

The ¢lectren microscopic appearance and the gen

of both ECHO virus 1! and 22 equal to coxsackieviruce: .
The nucleotide sequence homology of ECHO virus 11 at i

P3 repion is approximately 80 % when compared to cox-
saz
so far are identical with those found in other related
enteroviruses, The organization of the 3' noncoding
region of ECHO virus 11 is alse equal to coxsackic
viruses but different from polioviruses. On the ot
hand, the preliminary 3' end sequence of ECHO virus
genome does not show any signifivant horelegy with
members of human enteroviruses. An oligenuclectide
rived from the ECHO 22 virus sequence hybridizes ox
ively with this strain.

rus B3, The prot.olytic cleavage sites studie:

INDICATIONS FOR A PSEUDOKNOT STRUCTURE
IN THE RNA GENOME OF PLRV

M. Huisman™', F. v.d.Wilk?, K. Pleij®, ©. ten Dam’,

B. Cornelissen’, H. Huttinga® and R. Goldbach‘.

1 MOGEW N.V., Leiden 2 Resesrch Institute for Plant Protectior, Wageninges 3
Biochemistry Dept., State University af Leiden, & Virglogy Dept., Agriculturs!
University Wageningen, The Netherlands.

potato leafroll virus (PLRV) is a member of the
luteovirus group. The plus-sense single-stranded RNA
genomes of luteoviruses are contained within icosahedra-
V1y shaped virions. These are only infectious when
applied via aphids. Therefore, PLRV infections give rise
to considerable losses in potato yields when many aphids
are preseat.

The PLRV genomic RNA encodes six putative gene
products in open reading frames (ORFs) 1 to 6. for
expression of these 6 ORFs the virus might be using
three different methods. ORF1 starts with a suboptima)
AUG according to the Kozak rules. This way ORF2 can be
expressed from the genomic RNA as well. ORF3 seems to be
expressed via a -1 translational frame-shift in ORF2. In
the region where frameshifting might occur a possible
pseudoknotted structure can be found. A similar feature
can be observed in the equivalent region of the genome
of BWYV. This might have a function in ribosomal frame-
shifting. ORF3 bears a 43% homology with the putative
RNA-dependent RNA polymerase of southern bean mosaic
virus. The expression of ORFs4 to 6 most likely is via a
subgenomic messenger of 3.4 kb found in infected tissue.
ORFs4 and 6 a.e countiguous reading frames separated
only by an UAG (amber) siop codon. QRF4 encodes a
protein showing homology with other luteovirus coat
proteins. ORFS, which is contained entirely within ORf4.
might encode a precursor of the VPg molecule.
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HOG CHOLERA VIRUS - CHARACTERIZATION OF
SPECIFICANTISERUM AND IDENTIFICATION OF
cDNA CLONES
TILLMANN RUMENAPF, GREGOR MEYERS, ROBERT
STARK & HEINZ-JURGEN THIEL#
Federal Research Centre for Virus Diseases
of Animals, D-7400 Tibingen, Federal
Republic of Germany
A specificantiserumwas raised against
the pestivirus inducing hog cholera (hog
cholera virus, HCV). Using immuno-
precipitationand SDS-PAGE, this anti-
serum served for comparison of HCV-
induced proteins with those froma related
and better characterized pestivirus,
bovineviral diarrhae virus (BVDV). In
addition to immunological relationships,
the apparent molecular weights of some
proteins induced by both viruses were
quite similar.

HCV genomic RNA was found to be about
12 kb in length, comparable to BVDV RNA.
CDNA was synthesized starting from RNA
isolated frompartiallypurifiedvirions
and cloned in lambda-gtil. Screeningwith
the antiserumresulted in identification
of several positive clones. Partial
sequencing of one HCV-derived cDNA clone
revealed a high degree of homology toa
portion of the BVDV sequence.

TEMPERATURE-SENSITIVE SHUTOFF OF ALPHAVIRUS
MINUS STRAND SYNTHESIS MAPS TO NSP4.

D. Sawicki,* D. Barkhimer, and S. Sawicki. Medical College of
Ohio, Toledo, USA.

Alphavirus minus strand synthesis occurs only early in
infection and is coupled to synthesis of viral nonstructural
proteins and to formation of niew viral replication complexes.
Qur previous results identified a mutant (1524 of the A
Complementation group) of Sindbis virus (SIN HR) that failed 10
cease minus strand synthesis late in infection in the absence of
new protein synthesis if infected cells were shifted 1o 40C
(Sawicki and Sawicki, Virology 151:339,1986). Revenants of
1524 (ts24R) retained this ts phenotype, indicating the defect in
temporal regulation of minus strand synthesis was not
conditionally lethal and could map outside the A cistron. Minus
strand synthesis by ts24R apparently occurred in previously
formed replication complexes that had been engaged in plus
strand synthesis. The infectious clone of SIN HR. Toto1101.
was used to identify the region of the genome of ts24R
responsible for this phenotype. Three specific cDNAs that
together represented the entire genome of ts24R were exchanged
for their corresponding regions in Toto!10! and infectious
transcripts used to prepare hybrid viruses. The phenotype of
ts24R was present in the region nt 2288-nt 7999, encompassing
part of nsP2-nsP3-nsP4 encoding sequences. Subcloning and
sequencing identified a single nucleotide change at nt 6339 (C o
A, predicting a Gln to Lys change at aa 195 in nsP4) that was
common among but urique to ts24 and its revertants. Nucleoude
changes at the 5" and 3 ends of the t1s24R genome did not affect
minus strand synthesis. Substitution of the wildtvpe nucleonde
at position 6339 in an infectious clone of 1s24R should eliminate
the 1524R phenotype. We conclude that ts failure to cease minus
strand synthesis by 1s24 and i1s reventants maps to the nsP4
region.
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NUCLEGTIDE St QUENCE  OF THE GENOME AND COMPLETE AMINO
ACID SEQUENCE OF THE POLYPROTEIN OF FHL TICK-BORNE EN-
CEPHALLTLS VIRUS. Alexander G. Pletnev and Vladimir t.
Yamshikov . Novosibirsk Institute af Biosrganic
Chemistry, 630090 Novosibirsk 90.

We fhave now cloned and sequenced the gennmic RNA of
tick-borne encephalitis virur (1BLV) that encodes all
structural and nonstructural proteins. The complete
genome 15 10,480 bases 1n length with a single open
reading frame extending from nucleotides 127 to 10,365
encoding 3,41 amino acids. The 5'- and 3'-noncoding
extremities present stem- and loop-structures. A poly-
protein precursor is apparently proteotypically cleav-
ed by a mechanism resembling that proposed far expres-
sion of polyproteins of other flaviviruses such as
Yellow fever, West Nile and Kunjin viruses. The de-
duced TBEV gene order is 5'-C-pr{M)-£-NS1-NS2A-N528-
NG3-NSUA-NSGaB-NS5-3' . The gename and the polyprotein
of TBLV and other flaviviruses are transmitted to
their vertebrate hosts by different vectors such as
ticks and mosquitoes. Comparison of sequence homology
of polyproteins suggests that TBEV 1s more closely re-
lated to Y. fever virus than to flaviviruses of other
serological subgroups (West Nile or Denque viruses).
The hydrophobicity prafiles of the flavivirus polypro-
teins are tighly conserved. Nonstructursl proteins
NSZA, NSZB, NS4A, and N54B are extremely hydrophobic,
suggesting that these proteins are likely associated
with cellular membranes. Proteins €, NS1, NS3, and NG9
are the most conservative and may be involved 1n ge-
neral activities related to viral replication.

EFFECT OF ACTINOMYCIN D ON REPLICATION OF SATELLITE
TOBACCO RINGSPOT VIRUS RRA IN PLANT PROTOPLASTS. Beckv
Buckley* and George Bruening, Department of Plant Path-
ology, University of California. Davis, CA 95616, USA
The 359 nt satellite tobacco ringspot virus RNA
(sTobRV RNA) {s a molecular parasite of its supporting
virus, tobacco ringspot virus (TobRV) That is,
sTobRV RNA requires co-infection with TobRV for its
propagation, it reduces the yield of TobRV, and it
becomes encapsidated in TobRV ccat proteir Spe. fic
contributions of TobRV gene products, other than coat
protein, to the life cycle of sTobRV RNA are unknown.
We have been studying sTobRV RNA replication in this
three-component systes of host, virus and satellite
RNA. DNA-dependent RNA synthesis was effectively in-
hibited in cowpea (Yigna unguiculata) leaf protoplasts
incubated {n a medium containing 50 pg/ml titinomycin o
(Act D), as measured by incorporation of { 'Cjuridine
{nto RNA. When this concentration of Act D was added
to protoplasts 24 hr prior to co-fnoculation with
sTobRV RNA and TobRV genomic RNAs, no accumulation of
SsTobRV RNA was detected by blot hybridization after
electrophoresis of RNA preparations. This apparent
inhibition of sTobRV RNA synthesis did not appear to be
due to interference vith transcription, since sdditions
of Act D at 24 hr or 48 hr after co-inoculation resul
ted in only slightly veaker sTobRV RNA signals than
those obtained with no addition of Act D. Our results
and previous findings of RNA complementary to encapsi-
dated satellite RNA in extracts of infected tissue
imply that an RNA-dependent RNA polymerase is responsi-
ble for the aynthesis of sTobRV RNA. The strongly
{nhibitory effect of nct D, added early., on sTobRV RNA
synthesis suggests a role for a host factor in the
early phase of sTobRYV RNA replicacion.
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MAPPING OF BROMOVIRUS RNA REPLICATION
FUNCTIONS BY CONSTRUCTION OF HYBRID RNA2
MOLECULES. Paricia L. Traynor* and Paul G. Ahiquist.
Institute for Molecular Virology, University of Wisconsin-
Madison, Madison, W1 53706, USA. e

The bromovirus group of plant viruses has a triparnte
(+)-sense RNA genome similar in sequence an_d organization to
a wide range of other plant viruses. Replication of brome
mosaic  virus (BMV) and cowpea chloratic mottle virus
(CCMV) requires both RNAs 1 and 2 and the fa and 2a
proteins they cncode, respectively. Despite extensive homology
between bromoviral RNA2 nucleotide and peptide sequences.
several functional differences disunguish RNA2 and the 2a
protein of BMV from those of CCMV.  First, successful
infection of barley protoplasts requires a vxms-spcg:xﬁc
compatibility between RNA2 and its homologous RNAL, since
heterologous combinations of RNAs 1 and 2 do not support
viral RNA replication.  Secondly, although BMV RNAZ is
amplified by CCMV, RNA2 from CCMYV is not amplified by
BMV, indicating a difference in template activity between the
wo RNAZs. Construction of hybrid RNA2 molecules
containing various portions of BMV and CCMV scquences has
allowed preliminary mapping of these functional dlffenncgs.
Additionally, hybrid RNA2 molecules that are compatible with
RNAI from either virus have been used to show that a virus-
specific difference in the amplification of RNA3 templates
appears to segregate with RNAL

GENOMIC AND ANTIGENIC COMPARISONS OF EASTERN EQUINE
ENCEPHALITIS VIRUSES AND RELEVANCE TO VIRAL EVOLLUTION
Patricia M. Repik* and Julie M. Strizki, Department of
Microbiology and Immunology, The Medical College of
Pennsylvania, Philadelphia, PA, U.S.A.

To investigate the genetic and antigenic diversity
of both North and South American EEE viruses, the RNAs
of more than 20 isolates were analyzed by RNA finger-
printing, and the virion proteins were characterized by
PAGE and Western blot analysis. All the N. Am. isolates
displayed strikingly similar fingerprint patterns, with
72-98% oligonucleotide homology. The strong genetic
relationship among these strains was stable with time,
host species, and geographic distribution. Conversely,
the S. Am. isolates displayed fingerprint patterns
which differed markedly from the N. Am. strains and, in
addition, were much more diverse amongst one another.
Their oligonucleotide homologies ranged from 17-92%.
Both geographic distribution and time appeared to
influence the genetic relatedness of the S. Am. strains.
Analysis of viral proteins supported these data in tha:
minor variation was generally observed only in the EZ
protein of the N. Am, strains, whereas more extensive
variation in both the El and E2 proteins were seen
among the S. Am. strains. Although the North American
and South American EEE strains differed genetically
and antigenically, major immunogenic epitopes were
preserved as demonstrated by Western blot analysis.

The possibility that selective pressures exerted by
insect vectors may play an integral role in the
evolution of EEE viruses is intriguing.
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MOLECULAR CLONING AND NUCLEOTIDE SEQUENCE OF THE
GENOME OF HOG CHOLERA VIRUS

GREGOR MEYERS, TILLMANN RUMENAPF AND
HEINZ~-JURGEN THIEL*

Federal Research Centre for Virus Diseases of
Animals, D-7400 Tubingen, Federal Republic of
Germany

A CDNA clone derived from genomic RNA of hog
cholera virus (HCV) was identified using an
oligonucleotide complementary to the RNA encoding
a hexapeptide from the putative RNA dependent
RNA polymerase of the closely related bovine
viral diarrheavirus (BVDV). This clone served
as a probe for screeningdifferent size selected
cDNA libraries. After molecular cloning and
nucleotide sequencing the HCV genome was shown to
consist of 12284 nucleotides containing one long
open reading frame. Sequence comparison revealed
a high degree of homology between HCV and BVDV
genomic RNAs. With respect to HCV the genome of
BVI;V contains an insertion coding for 9¢ amino
acids,

DESCRIPTION OF THE SEQUENCE OF HOG CHOLERA VIRUS FNA:
COMPARISON OF THIS SEQUENCE WITH THAT OF BOVINE VIFAL
DIARRHOEA VIRUS.

R.J.M. Moormann*, P. Warmerdam, B. van der Meer. an?
M.M. Hulst.

Central Veterinary Institute, Dept. of Virclogy, F.7.
Box 365, 8200 AJ Lelystad, The Netherlands.

Hog cholera virus-specific RNA, synthesized in ir-
fected SK-6 cells (Moormann and Hulst, 1988, Virus
Res., 281-291), was cloned and sequenced. Various cONA
libraries were prepared to completely clone the virus-
specific polyA minus RNA. The first strand of the cDNA
was primed with either oligonucleotides prepared from
calf thymus DNA, or oligo-dT on polyA adenylated RNA.
or specific oligonucleotides deduced from the sequencer.

The cloned sequence is 12.280 nucleotides in leng.h.
The sequence of several independent clones primed with
oligo-dT suggests that the 3'-end of the viral genome
is completely cloned. Whether the sequence is alsoc com-
plete at the S'-end is still being investigated.

One large open reading frame (ORF), encoding a
polyprotein sequence of 3897 residues, was found in
second reading frame of the sequence of one of the
strands. The sequence of this strand corresponds witt
that of the viral plus strand RNA.

The amino-acid sequence encoded by the ORF wilil be
described and the sequences of hog cholera virus ani
bovine viral diarrhoea virus (members of the Pestiv
genus) will be compared.




~— - s — —

e e —_———

P 41

P42

CHARACTERISTICS AND EFFECTS OF DEFECTIVE IN-
TERFERING PARTICLES IN HEPATITIS A INFECTED
CELLS
J. Nilesch* and G. Siegl, Institute for Hygiere
and Medical Microbiology University of Berrne,
CH-3010 Berne

Adaptation of hepatitis A virus to cell
culture usually leads to the establishment of
persistent infection. Such a virus/cell
relationship might be favored by the presence
of defective interfering particles (DIP).
Indeed, DIP with distinct deletions in the
genome could be demonstrated for various HAV
isolates in several cell culture systems and
at different in vitro passage levels. To test
at which level DI particles interfere with
replication of standard HAV virions, cultures
were infected at low and high m.o.i. and with
virus pools established at early {(11th} and
late (44th) in_vitro passage levels.
Subsequently, production and excretion of
viral antigen, infectious particles, and
temperature permissive mutants, as well as
synthesis and accumulation of vRNAs during the
replication cycle of HAV was analysed. The
quantity of genomic VRNA oscillated througout
the period of observation. Defective RNAs
could always be demonstrated, but peak amounts
usually were present after genomic RNA reache:
maximum concentrations, Presence of DIP
evidently interfere with synthesis of vRNA ani
the production of progeny virus particles.
Production of viral antigen, however, seemed
to be unaffected.

HIGH-FREQUENCY LEADER SEQUENCE SWITCHING DURING CORO-
NAVIRYS D! ANA REPLICATION. Shinji Makino® and Michael
M.C. tai, Department of Micrbiol. Univ. of Southern
California, School of Medicine, Los Angeles, CA 90033

USA.

A system was developed exploiting defective-inter-
fering (DI} RNAs of coronavirus to study the role of
free leader RANA in RNA replication. A cDNA copy of
mouse hepatitis virus DI RNA was placed downstream of
77 RNA polymerase promoter to generate DI RNAs capable
of extremely efficient replication in the presence of
a helper virus. We demonstrated that, in the DI RNA-
transfected cells, the leader sequence of these DI
RNAs was switched to that of the helper virus during
one round of replication. This high-frequency leader
sequence exchange was not observed if a nine-nucleo-
tide stretch at the junction between the leader and
the remaining DI sequence was del-ted. This observa-
tion suqggests a novel discontinuocus replication nf an

RNA with uninterrupted sequence.
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THE SYNTHESIS, MODIFICATION AND SECRETION OF
TBEV GLYCOPROTEINS.

JOHN R. STEPHENSON* & ALAN J. CROOKS, CAMR,
SALISBURY, U.K..

The accurate and efficient production of
cellular or viral proteins, by native and
genetically engineered systems depends on
molecular signals for the correct folding,
post-translational modification and
intracellular transport of those proteins.
The glycoproteins of TBE virus, preM, E and
NS1 offer an excellent system to study the
intracellular transport of proteins. E is
present in virus particles, but not on the
plasma membrane; preM is present only in
infected «cells and 4its non-glycosylated
product; M is only found in virus particles,
and NS1 1is never found in virions, but is
secreted from the cell and has been detected
on the plasma membrane. This situation not
only enables a study of protein transport,
but as all viral proteins are translated from
a single message, gives the virus some unique
problems in the control of protein synthesis.

Work in our laboratory has demonstrated
that the synthesis of thesa proteins is
strictly controlled and is dependent upon the
subcellular environment of the translation
machinery. It is also apparent, that at
least for NS1, the level of glycosylation
reflects the destiny of the protein. The
effect of sorting sequences, glycosylation
and protein folding on subcellular transport
will be discussed in this presentation.

partitioning. This dimeric form of NSI, in

association are closely correlated.

~ two of tha four asparagine linked carbo-
hydrates are processed to complex glycans.

secreted into the medium where it is found in
both a pelletable and soluble form. Both
forms are protein dimers but show differences
with
shown by immunogold electronmicroscopy. The
data are consistent with the hypothesis that
peiletable extracellular NS! is associated
with membrane vesicles.

CHANGES IN MOLECULAR STRUCTURE AND MEMBRANE
ASSOCIATION OF THE DENGUE-2 VIRUS PROTEIN NSi
DURING MATURATION AND TRANSPORT

Gunther Winkler+ and Victor Stollar

R.-W. Johnson Medical School, UMDNJ, &75 Homs
Lane, Piscataway, NJ 08854, U.S5.A.

* present address: BIOGEN Inc., 14 Cambridge
Center Cambridge, MA 02142, U.S.A.

The dengue-2 virus nonstructural protein
NS1 is & glycosylated, acidic protein with an
approximate mol. wt. of 446000. For a short
time after translation NS1 appears as a mono-
meric, water soluble protein, Within 20-40
min after synthesis the protein forms homo-
dimers which show increased hydrophobicity
as indicated by means of Triton X-114 phase

contrast to the monomeric NS1, is found 1in
the membrane fraction of the cell homogenate
suggesting that dimerization and membrane

The NS! dimers are transported through
the Golgi system wh ~ in mammalian cells

About 60-80 min after translation NS1 is

ect to molecular orgasnization as
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EXPRESSION OF COWPEA MOSAIC VIRUS M RNA IN COWPEA

PROTOPLASTS.

J. Wellink*, G. Rezelman and A. van Kammen.

Dept. of Molecular Biology, Agricultural University,

Dreijenlaan 3, 6703 HA Wageningen, The Netherlands.
In cell free systems cowpea mosaic virus (CPMV)

M RNA is translated into two polyproteins, 105K and 95K.

Using antiserum against the small capsid protein VP23,
these proteins have now been detected in cowpea proto-
plasts, a few hours after inoculation with CPMV. Also
at later stages of infection these proteins could be
detected, but only if proteolytic processing was
inhibited by the addition of ZnCl2. Using antiserum
against a synthetic peptide, corresponding with a part
of the overlapping C-terminal ends of the 58K and 48K
proteins, the S8K protein, being the amino-terminal
cleavage product of the 105K protein, was found in the
cytoplasmic fraction of infected protoplasts, whereas
the 48K protein, derived from the 95K protein, was
detected in both the cytoplasmic and membrane fraction
of protoplasts. The presence of the 105K, 95K, 58K and
48K proteins in CPMV-infected protoplasts indicates

that, similar what has been found in vitro, also in vivo

distinct initiation codons on the M RNA are used to
produce the 105K and 95K polyproteins.

SYNTHETIC PEPTIDE ANTIBODIES AGAINST HUMAN RHINOVIRUS
TYPE 14 PROTEASE 3C.

Keat-Chye Cheah*l, sabita Sankarl, Ee-Chee Ren?
and Alan G. Porterl.

11nsf.itute of Molecular & Cell Biology and
2l:iepan:mant of Microbiology, National University
of Singapore, Kent Ridge, Singapore 0511, Republic
of Singapore,

Human rhinoviruses (HRVs), which form one genus
of the family Picornaviridae, are the main causative
agents of the common cold. The basic organization
and replication of the positive strand RNA genomes
{7.5-8.0 kb) of Picornaviruses, e.g. HRVs, poliovirus
and foot-and-mouth disease virua, are similar,
The primary translation product of Picornaviruses
is a single precursor polypeptide which is processed
primarily by viral protease 3C to mature products.
Although the primary aminc acid seqguence of 3C
proteases has diverged considerably, there are short
stretches of highly conserved amino acids. We have
synthesized two synthetic peptides of 16 and 1l
amino acids based on two of the highly conserved
amino acid sequences in protease 3C, and raised
peptide-specific antibodies in rabbits, The
specificities of the peptide antibodies for protease
3C were verified using dot blot and ELISA assays.
Immunoprecipitation experiments demonstrated that
both the peptide antibodies recognized the protease
3C expressed by HRV-14 recombinant plasmid pKCCll0
in E.coli maxicells. Experiments are in progress
to determine whether these antibodies neutralize
the biological activity of protease 3C.
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CHARACTERIZATION OF SEMLIKI FOREST VIRUS
SPIKE GLYCOPROTEINS DEFICIENT IN p62
CLEAVAGE

Mario Lobigs® and Henrik Garoff, Dept. of Molecular
Biology. Huddinge Univ. Hospital, Karolinska Institute,
Sweden

The subgenomic 26S cONA coding for the structural
proteins of Semiiki Forest virus (SFV), an alphavirus, was
expressed via a recombinant vaccinia virus vector in BHK
cells. The SFV polyprotein precursor is correctly cleaved
and processed as judged from PAGE profiles, and
transported to the plasma membrane.

We have generated specific mutations in the structura!
glycoproteins of SFV and we are using the vaccinia virus
expression system to study their phenotype effects on the
assembly of this simple enveloped RNA virus. The
membrane of the SFV particle contains 240 copies of the
spike heterodimer E1/E2. The E2 spike glycoprotein
originates from the precursor protein p62 which is cleaved
late in virus maturation, prior to arriving at the plasma
membrane by a host enzyme recognizing dibasic residues.
It has been proposed that the cleavage of p62 is a crucial
event in triggening the budding of SFV.

Here we describe the phenotypes of SFV spike
glycoproteins deficient in the cleavage of p62 expressed in
BHK cells which were infected with the recombinant
vaccinia virus vectors. Cell surface expression, polykaryon
formation and E1/E2 oligomaerization are addressed.

THE SEMLIKI FOREST VIRUS EMPLOYS MULTIPLE
INTERNAL SIGNAL PEPTIDE CLEAVAGES TO
GENERATE ITS MEMBRANE PROTEINS

Petar Liljestrdm® and Henrik Garoff. Department of
Molecular Biology, Center for Biotechnology, The Karolinska
Institute, Sweden.

We are studying the mechanisms guiding the biogenesis
of the Semiiki Forest virus (SFV) membrane. The SFV is
composed of a nucleocapsid structure surrounded by a
membrane carrying the virus-specific glycoprotein spikes.
The precursor polypeptide for the structural proteins is
synthesized in the cytoplasm and is, after removal of the
capsid protein (C) by self-cleavage, targeted to the ER
membrane where it is translocated and co-translationally
cleaved to yield the proteins p62, 6K and E1. In ER the p62
and E1 proteins form heterodimers preceeding, and as a
prerequisite to, their transport to the cell surface. The role of
the 6K protein is still remains unclear. We have in detail
characterized the nature of the various cleavages and
topogenic signals which guide the correct generation of these
transmembrane proteins. Our results reveal an astonishing
scenario where internally alternating signal peptides and
stop-transier sequences of the polyprotein are used, through
the action of the signal peptidase, to generate the structural
proteins of the virus. Interestingly, none of the signal
peptides are removed after cleavage, but remain as integral
parts of the mature proteins, reflecting their additional roles in
the assembly process of the virus.
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MEMBRANE PROTEIN OLIGMERIZATION AND
OLIGOMER DISSOCIATION AS POSSIBLE
REGULATORS OF SEMLIKI FOREST VIRUS
BUDDING AND FUSION
Johanna Wahlberg*, Wil A.M. Boere, Henrik Garoff,
Department of Molecular Biology, Huddinge University
Hospital, Karolinska Institute, Sweden

The budding and the fusion processes of the enveloped
animat virus Semliki Forest virus serve the purpose of
transporting its nucleocapsid, containing its genome, from
the cytopiasm of an infected cell into that of an uninfected
ong. We show here that, in the infected cell, the viral
membrane (spike) proteins p62 and Et are organized as
heterodimers which are very resistant to dissociation in
acidic conditions. In contrast, the mature form of the
heterodimer, E2E1, which is found in the virus particle and
which is generated by proteolytic processing of p62, is very
prone to dissociate upon treatment with mildly acidic buffers.
We suggest that this difference in behaviour of the
intraceliular precursor form and the mature form of the spike
protein complex represents an important regulatory
mechanism for the processes invalving membrane binding
around the nucleocapsid during budding and membrane
relgase from the nucleocapsid at the stage of virus fusion.

EPITOPE MODEL OF TICK-BORNE ENCEPHALITIS-VIRUS ENVELOPE GLYCOPROTEIN
€, ROLE OF CARBOHYORATE SIDE CHAINS IN ITS ANTIGENIC STRUCTURE AND
CONFORMATIONAL CHANGE OCCURRING AT ACIDIC pH. ¥. Guirakhoo, F.X.
Heinz, Oh. Kunz. Instftute of Virology, University of vienna,
vienna, Austria.

A large panel of monoclonal antibodies (MAbs) was made to char-
acterize the antigenic sites of the Tick bome encephalitis (TBE)
virus glycoprotein E. Nineteen epitopes were icentified which giffer
with respect to serological specificity, functional activity or com-
petetive binding of MAbs. Except three isglated epitopes it, i2,
and 13 these cluster to form three non overlapping domains termed A,
B8, and C. The structural properties of epitopes were assessed by
analyzing the effect of chemical modifications (SDS-dengturation,
reduction and carboxymethylation, performic acid oxidation, pH 5.0,
CNBr and trypsin cleavage) on the antigenic reactivities of eacn
~nitope. Three epitopes of the domain A as well as i2 were S0S sen-
sitive whereas all others were SOS resistant. Reduction ang car-
boxymethylation abolished the antigenic reactivities of all epitopes
of the gomain B and also two SOS resistant epitopes of the domain A,
ingicating the role of disulfice brioges in stabilizing tne confor-
mation of these eplitopes. Epitopes of the domain B could ve loca-
lizey on a3 S000 Dalton trypsin fragment whereas the domain C coulo
be identified on CNBr cleavage products.

Deglycosylation experiments using wGlycar\asea resuliten  in age-
stabilizing the carbohydrate containing C-domain sa ™3t t™e ep:-
topes of this domain were mo longer resistant to S0S denaturatizn or
reguction by 2-mercaptoethanol.

A conformational change induced by low pH was revealed oy 3i7.
ferences of protease (trypsin ana proteinase-K) cleavage maps. ina
conformattonal change, which involved the epitopes of domain A, it
and 12 occurted between pH 6.0 and 5.5 with the treanalg at pM 7L,
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STRUCTURE OF THE SINDBIS VIRUS NUCLEOCAPSID
Angel Paredes, Kevin Coombs, Dennis T. Brown*
The University of Texas at Austin 78713-7640
The Cell Research Institute

The topological arrangement of RNA and protein in
purified Sindbis nucleocapsids has been examined by
chemical, physical and morphological procedures.
Chemical crosslinking experiments indicate that capsid
protein exists in two conformations within the nucleo-
capsid. These conformations differ from that of free
capsid protein. Capsid protein is orqanized such that
the protein domain containing tyrosine 180 is exposed
on the surface of the capsid. Gentle RNAse treatment
of crosslinked capsids releases 2 species of protein-
containing subunits, having diameters of 9 and 11 nm.
These structures represent pentameters and hexamers
respectively. The data collectively shows the aucleo-
capsid to be a t=4 icosahedron in which both protein
and RNA are exposed on the surface,

MATURATION OF THE JE E AND NSl GLYCOPROTEINS, Fan
Wufang and Peter W, Mason , YARU, Dept. of Epidenm.
and Public Health, Yale U. Sch, Med., New Haven, CT,
The maturatioo of the Jaspauese encephalitis virus
(JE) structural (E) aud ponstructursl (NS1)
glycoproteins in vertebrate snd ianvertebrate cell
lines was iavestigated in order to help defiune the
role of the NS] protein. E and NS1 were released
slovly (half-time > 6 hr) from JE-infected monkey
cells (Vero cells). Mosquito cell lines relessed E at
a similar rate, vheress NSl was retained in an
undegraded form in the mosquito cells. The
proteolytic processing of theee proteins sppeared
identical iun both cell types, but some differences in
N-linked glycosylation were observed. E and NSl found
within vertebrate and invertebrate cells coutained
high-mannose glycans for more than 8 hr after
synthesi Additional sugar residues were added to
the single B protein glycan pvior to release from Vero
cells, whereas sugar residues vere trimmed from the &
protein glycan prior to release from mosquito cells.
The forme of NSl fouud in the culture fluid of
infected Vero cells coutained one complex and oue
bigh-mannose glycan. These data indicate that ¥ suod
NSl sccumulate vithin an early secratory compartment
of the infected cells and then rapidly proceed through
the medial- and trans-Golgi compartment prior to
release into the extracellular fluid. Transieat
expression sxperiments showed that esch of the
proteins was faithfully processed vheo expre
isolation, euggesting tlLat these proteins contain
signals that direct them to specific compartments in
the infacted cell.
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ANALYSIS OF THE NONSTRUCTURAL PROTEINS OF
THE FLAVIVIRUS !EST NILE VIRUS ( WNV )

Thonmas Nowak and Gerd Wengler,
Institut fir Virologie, Universitat
GieBen, F.R.G. “present address :

Behringwerke AG, Marburg, F.R.G.

The primary structure of the
nonstructural proteins NS1, NS2a, NS2b,
NS3, NS4b and NS5 of the WNV has been
determined. The nonstructural proteins
were isolated fron nuclear membrane
fraction of WNV infected BHK cells.
Aminoterminal sequence data of these
purified proteins were determined.
Together with the published amino acid
sequence of the nonstructural coding genom
region ( Castle et al., 1986, Virology
149, 10-26 } we obtained the sequences of
the nonstructural proteins NS1 (50 kD),
NS2a (19 kD), NS2b (14 kD), NS3 (70 xD),
NS4b (27 kD) and NS5 (97 kD), The gene
order, the sizes of the virus coded
proteins and the processing of the
nonstructural proteins appears %o be
identical between the flaviviruses.

IN VIVO PROCESSING OF DENGUE 2 VIRUS NONSTRUCTURAL
PROTEINS

F. Preugschat* and J, M. Strauss. Division of Biology,
California Institute of Technology, Pasadena, CA 91125
usa

We have utilized the PATH vector series to produce

Trp E-dengue nonstructural protein fusions. The
fusions were designed to be specific for a single
nonstructural protein. Gel purified antigens were

injected into rabbits to elicit production of
polyclonal monospecific antibodies. These antipodies
were used to study the processing of dengue
nongtructural proteins in various cell lines. The
intracellular locationa of thee antigeng were
determined through the wuse of indirect immuno-
fluorescence. Differences in both the rate and amount
of processing of nonstructural proteins were observed
in permissive cell lines. High molecular weight
polyproteins are processed into mature lower molecular
weight products. It appears that cellular enzymes are
intimately involved in the processing of dengue
nonstructural proteins and that full-length readthrough
polyproteins are the major substrate for the production
of mature nonstructural proteins.
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THE FUNCTION OF THE SINDBIS VIRUS 6K PROTEIN

Kerstin Gaedigk-Nitschko* and Milton J.

Schlesinger

Washington University School of Medicine, St. Louis,
Missourt, USA.

We have used site-directed mutagenesis to study the
role of the Sindbis virus 6K protein. The 6K protein
is translated as part of the structural polyprotein
and was previously detected on membranes of virus in-
fected cells. The protein is strongly hydrophobic and
contains 5 cysteines in its sequence of 55 amino acids.
We detected high levels of fatty acylation in the 6K
protein using radiolabeled palmitic acid. The fatey
acyl groups could be removed by neutral hydroxylamine
ind{cating thiol ester linkage to cystetines.
Potential sites for fatty acylation in the 6K protein
were mutated and two viable mutants were obtained -one
with a single cysteine replaced with a serine and one
with two adjacent cysteines replaced with a gerine-
alanine, Both mutants are distinct from wild type in
the following properties: (1)they contain less fatty
acid in the 6K protein, (2)they contain twice as much
6K protein in the virion, (3)based on plaque assays,
both grow poorly in mosquito cells but equal to wild
type in avian cells, (4)the rate of release of mutant
virus particles from avian cells ¢s 10-20%1 that of wild
type, {5)the specific infectivity (PFU/particle) is
4-8 fold higher for the mutants, (6):he uptake of
mutant virus is faster,

These data suggest that the 6K protein has 2 role in
virus assembly and also in virus structure.

THE SPECIFICITY OF ASSEMBLY OF THE NUCLEQCAPSID OF ]
SINDBIS VIRUS

Barbara Welss, Hans NitschkuX dand Sondra Schlesinger
Washington University School of Medicine, Dept. of
Microbiology and Immunology, St. Louls, Missouri,

Usa.

We developed an assay that permits us to identify the
sequences in the Sindbis virus RNA which are required
for the binding of the viral capsid protein during the
first steps of encapsidation.

Purified capsid protein was immobilized on nitro-
cellulose filters and probed with various radiolabeled
RNA's transcribed in vitro from different cDNA clones.
Using this method we were able to identify a region
close to the 5'~end of the Sirdbis RNA genome which
seems to contain RNA sequences that are important for
the specific bandiug of the viral RNA to the capsid
protein.

In addition we were able to demonstrate in in vitro
reassembly experiments that homologous genomic RNA

is preferentially encapsidated in the presence of
nonhomologous competitor RNA's to form nucleocapsid
like particles.

This work was supported by NIE Grant # AL 11377,
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RNA SYNTHESIS OF JAPANESE ENCEPHALITIS VIRUS AND
EXPRESSION OF NSS IN E, COLI.

T. Tekegami , Z. Edward and M, Sahara
Department of Tropical Medicine
Kanazawa Medical University

Uchinada, Ishikawa, 920-02 Japan

Like other flaviviruses, Japanese encephalitis virus
(JEV) genomic RNA has no poly(A) at 3* end and a possi~
bility to be synthesized in a different manner. Syn-
thesis of viral specific RNA in JEV-infected cells was
examined by the hybridization using RNA probes. Minus
probe could detect negative stranded JEV-specific 425
RNA in the cells as early as 6hr post infection. On the
other hand, the amounts of positive stranded 425 RNA
increased according to time course of viral reproduc-
tion. The positive stranded RNA was found in much
greater abundance in the crude membrane fractions. From
the data, localization of negative or positive stranded
VRNA in the cells was indicated. It was also found that
the membrane fraction contained large amounts of non-
structural proteins, NS5 and NS3. These results were
consistent with the fact that the membrane fraction had
high activity of in vitro RNA synthesis.

To elucidate the function of NS5, expression of NSS
in E. coli was carried out. One of proteins expressed
in E. coli (100K ) showed the same mobility in S0S-
polyacrylamide gel electrophoresis as a native NS5 in
JEV-infected cells. Biological activity of 100K pro-
tein is being investigated.

STUDIES ON THE RHINOVIRUS 14 3C PROTEINASE
DC Orr#*, DS Montgomery, A Weston, JM Cameron, Glaxo
Group Research Ltd, Greenford, London, England

The 3C proteins of several picornaviruses have been
demonstrated to be cysteine-type proteinases, involved
in processing viral polyproteins. Nucleotide sequencing
data indicated that the rhinovirus genome coded for a
homologous 3C protein. The HRV14 3C protein, cloned and
expressed in E. coli, was purified to homogeneity and
assayed agalnst various cloned viral proteins. It
possessed 'in trans' proteolytic activity, cleaving a
CAT-VPg/3C protein, apparently at the authentic VPg/3C
Junction. Further analysis demonstrated that the 3C
proteinase was released from a precursor polyprotein.
The HRV14 3C protein was assayed against peptides
corresponding to predicted cleavage sites within the
polyprotein. Peptides representing the 18/1C, 24/2B,
2C/34, 3A/3B, 3B/3C and 3C/3D sites, with proteolysis
predicted to occur at a Gln-Gly junction, were all
processed by the 3C protein. Cleavage was specific,
occurring at the Gln-Gly bond within the peptide, Fep-
tides corresponding to the predicted 2B/2C and 1C/1D
cleavage sites, where the processing was presumed to
Occur at a Gln-Ala or Gly-Gly bond respectively, were
not cleaved by preparations of the 3C protein. The
ability of the 3C proteinase to perform the polyprotetn
cleavages, as well as the cleavages of the synthetic
peptides, was inhibited if a Cys 1469Ser mutation was
introduced. This data coupled with information from
studies with known protease inhibitors, using the
Synthetic peptides as substrates, lead to the conclusion
that the HBRV14 3C protein is a cysteine proteinase.
The 3C proteinase probably plays an important role in
replication of the virus and thus represents a potential
target for antiviral chemotherapy.

’
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PROTEOLYTIC PROCESSING OF THE HEPATTTIS A VIRUS P3
POL

YPROTEIN.
M. Weitz, Institute for Hygiene and Med. Microbiology,
University of Bern, Switzerland
A putative picornavirus protease 3Cpro was predicted
by computation of molecular data of the hepatitis A
virus (HAV) gencme region P3. The protease was expres-
sed by various means: i) cloning of P3 ¢DNA into a
transcriptionsvector and subsequent in vitro transla-
tion of synthetic transcripts in rabbit reticulocyte
lysates; ii) in vitro translation of HAV RNA purified
from stool specimens; iii) expression of P3 ¢DNA in a
vaccinia/T7 hybrid system; and iv) infection of cells
in culture with HAV. Identification of P3 peptides
was achieved with antibodies specific for VPg and
Xpro respectively. Peptide precursor/product relation-
ships were established through pulse-labeling experi-
ments. From the results we conclude, that HAV RNA
codes for a protease 3Cpro, which is expressed in all
systems investigated. Proteolytic breakdown of P3
polypeptide precursors in the in vitro systems pro-
ceeds through intermediates that are expected from
the putative P3 structure. However, kinetics of syn-
thetic, and more important degradative events diffe-
red significantly among the various systems. Moreover,
although mature 3Cpro was generated in HAV infected
cells, a 3Cpro related peptide {52K) was detected
that does not correlate with the putative P3 structu-
re, and might therefore be implicated in inefficient
replication of HAV in cell culture.

EXPRESSION OF PROTEASE 3CD OF POLIOVIRUS TYPE 1 1IN

J.P.M. Jore*, M. Verbakel-van Dijk, M. Kottenhagen, G.
Veldhuisen and P.H. Pouwels. Medical Biological
Laboratory TNO, P.0. Box 45, 2280 AA Rijswijk, The
Netherlands.

Subunit vaccines are s promising alternstive to
attenuated or inactivated viril vaccines. Developments
in molecular biology and in particular in recombinant
DNA techniques have opened new ways for the production
of these wviral vsaccines eliminating the need for
production of large quantities of the viral agent.

In view of our interest in producing & subunit
vaccine against poliovirus by recombinant DNA techniques,
use has been made of for the synthesis of
capsid proteins VP2 and Pl (1,2).

As one of the criteria for authenticity of Pl thus
obtained, we consider the capability of 3ICD to process
Pl into VPO, VP3 and VPL (3). To this end the DNA
fragment encoding 3CD was cloned from pLOP315 (3) and
placed in a yeast/E, coll shuttle vector under regulation
of eithar the Gal7 or the PGK promoter.

Prelininary results {ndicste that constitucive
expression of 3CD is lethal to the yeast cella and that
induced expression leads to small amounts of an active
enzyme.

(1) Verbakel et al. (1987). Gene 61, 207-215.

(2) Verbakel ot al. (1988). Life Science Advances:
Molecular genetics 1

(3) Jore et al. (1988). J. gen. Virol. 69, 1627-1636.
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IN VITRQ CHARACTERIZATION OF RHINOVIRUS (SEROTYPE 2) PROTEINASE 2A
UTILIZING A SPECIFIC CLEAVAGE ACTIVITY ON SYNTHETIC PEPTIDE SUBSTRATES
W. Sommergrubersl, F. Fesstl, P. volkmannl, M. Venerl, L Maurer-Fogy!. P. Pallai®,
T. Skem, D. Bisas? and E. Kochlerd,
1. Erngt Dochringer Insiitot fir A i

Or. Bochringergasse 5-11, A 1120 Vienna, Austria
2. Boehringer Ingelhcim P i Inc.. 90 Eas Ridge,
P.O. Dox 368, Ridgeficid, Connccticut 06877, USA
Institut fue 8i dee U it Wien, i .
A 1090 Vienna, Ausuia

bt

siie p of the in of human rhi is carried
aut by (he products of the vieal genes 2A and IC. Proicase 2A is responsiblc for
initial clesvage of ihe polyprotein and possibly occuting coaransiationally ai the
VPY and 2A rogions.

We present an in_vilrg "Uans assay” based on the cleavage of an
oligopeptide substrate thus providing & convenient test-sysiem in which the
conditions could be more exactly canurolled.

On expression of the VPI-2A region of HRV2 in bacieria, protein 2A was
capable of acting on its own N-terminuy: cxtracts derived of cxpression sysiems
for matare protcase 2A (pEx2A) specifically cleaved a 16 amino acid oligopeptide
(Ac-TRPUTTAGPSDMYVH) corrcsponding (o the sequence 3t the inyivg cleavage
site (A12/Cly). Constructions which did not cleave the VPI-2A substraie in the
baclerial sysiem (c.g. point mutations in ih¢ pulative active silc of 2A) were also
inactive with Lhe peptide, indicating that this part of 2A was indecd responsible
for protcolysis. Surprisingly no cleavage of peptides could be found with exiracu
of an original construclion (pEx18521) formerly used to demonstrate the
protcolytic activity of 2A in a bacterial system. This provider evidence that the
original cleavage in Ihe bacierial system was an intramolecular event, The
inabilisy of the 2A part of pEx!8521 to act in Leang is probably due 1o the
presence of 2B sad vector derived sequences at the carboxy lesminus which
reduces the solubility of 2A and Ihus prevents intermolecular activity. The 1o
expression sysems (pEx2A and pEx18521) are thus complementary and aflow the
effects of mutations fo b cramincd both on cleavage in gix and in Lans.
Furthermore. the pepiide assay was used 1o study the efficiency of jramy cleavage
using peplides wish dilferent lenglhs or amino acid composilions and 1o examine
the influence of various iti c.g. 33! i 5
temperalure, pH elc.) on the (rgny activity of 2A.

PROCESSING OF THE STRUCTURAL PROTEINS OF YELLOW FEVER
VIRUS.

P.Després'. A.Ruiz-Linarés, A.Cahour, J.Dietrich,
M.Girard and M.Bouloy. Institut Pasteur, Molecular
Virology Unit CNRS UA 545, Paris, France

The genome of the yellow fever flavivirus (17D-204
vaccine strain) is composed of a single large open
reading frame of 10233 nucleotides coding for the
precursor to the structural and nonstructural proteins.
To analyze the processing of the polyprotein which
generates the structural proteins, the corresponding
cDNA was inserted downstream of the T7 bacteriophage
promoter. RNA transcripts synthetized in vitro were
translated in reticulocyte lysate. In the absence of
membranes, no processing occurred. When microsomal
membranes were added, proteins prM and E were translo-
cated. The signals essential for translocation were
localized.

These results were confirmed in Spodoptera cells
infected with recombinant baculoviruses. The processing
of the nonstructural protein NS] is also being analyzed
in this eukaryotic expression system by immunoblot,
immunoprecipitation and pulse chase experiments. When
proteins E and NS) are expressed in tandem, both
proteins are translocated but the precursor is incom-
pletely processed .
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TDENTIFICATION AND FUNCTION OF RUBELLA VIRUS E2 SIGNAL SEQUENCE IN

THE  TRANSLOCATION AND CLEAVAGE (OF THE POLYPROTEIN. Christian Oker-

Blom®, (onald L. Jarvis, and Max D. Jummers. Texas AiM Unjversity,
-

Oept. of Entomology, College Statfon, TX.

The structural proteins of rubella virus (Rv) are translated as a
polyprotein (p110) that is processed to produce the virion compo-
nents, C, E2, and E1. The precise processing mecnanism has not been
elucidated; however, It must included at least two proteolytic
cleavages, to release the individual virion components from the po-
lyprotein, and it must provide for their dichotomous intracellular
distribution. The capsid protein, C, remains In the cytoplasm, whete
it participates in nucleocapsid formation, while the envelope glyco-
protelns, €2 ang EV, enter the secreto., pathway, are N-glycosylat-
ed, cleaved, ang transported to the plasma membrane. Sequence analy-
sis of the 245 mRNA encoding the polyprotein precursor suggests that
both E2 and £1 are preceded by signal peptides for translocation
across the membrane of the rough endoplasmic reticulum. A recent
study has provided direct evidence that the putative signai peptice
preceding E1 can, in fact, mediate translocation of E% (Hcbman et
al., J.virol. 62:4259-5264, 1989). In this study, we used the bacu-
lovirus expression vector to further examine the processing of the
RV glycoproteins. A mutant polyprotein lacking the putative €2 sig-
nal peptide, but contsining the €1 signal peptide, was not cleaved
or glycosylated; instead, it probably was degraded in the cytoplasn.
This sted that the putative signal peptide preceding £2 Is
functional, and {s required for efficient processing of the polypro-
tein. This conclusion was confirmed and extended by in vitro trans-
location experiments, using a mammalian cell-free system. Again, the
results showed that the €2 si?nal peptide is required for transloca-
tion of the E2-E) polyproteln. The E2 signal peptide appears to be
autonomous, as it mediated transjocation of E2 in absence of the €1
signal peptice, Tvese experiments revealed that cleavage of the
E2/E1 polyprotein requires: (1) the signal peptide preceding £2, (2)
microsomal emmbranes, and (3) sequences beyond the proximal one-half
of the Et signal peptide. This suggests that the proteolytic cleav-
a?e that separates E£2 and EV is performed by the cellular enzyme,
signal peptidase.

.

INDIVIDUAL AND COORDINATE EXPRESSION OF RUBELLA VIRUS
STRUCTURAL PROTEINS IN COS CELLS.
Tom C. Hobman* and Shirley Gillam, Dept. of Pathology,
University of British Columbia, Vancouver, B.C., Canada.
Rubella virus (RV) virions contain three structural
proteins C, E2 and E1 which are derived by
posttranslational processing of a polyprotein precursor.
C or capsid protein {s a hydrophilic protein which binds
to genomic RMA to form nucleocapsids, and £} and E2 are
membrane glycoproteins forming the spike complexes on
the virion extertor. In order to study the processing
of RV structural proteins and f{ts relation to
infectivity and viral assembly, we have constructed RV
cDNAs which when transfected into COS cells, allow
individual and coordinate expression of the structural
antigens. Using oligonucleotide-directed mutagenesis
we have located sequences which affect targeting and
transport of the RV proteins. We also are using this
technique to map the occupled N-linked glycosylation
sites in El and E2. [Immunofluorescence studies in
transfected COS cells demonstrated £2 is transported to
the plasma membrane in the absence of E1. Translocation
of E2 into the endoplasmic reticulum, passage through
the Golgi apparatus and to the cell surface appears to
be similar to that of Semliki Forest virus p62/E2
glycoprotein in that El 1{s not required for these
events. Although El1 is not required for the transport
of E2 through the exocytic pathway, we have found that
the rate of transport is slower {n the absence of El.
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BIOSYNTHESIS AND FUNCTION OF CORONAVIRUS SPIKE PROTEIN
H. Vennema*, L. Heijnen, M.C. Horzinek, P.J.M. Rottier
and W.J.M. Spaan. Institute of Virology, VYalelaan 1,
3584 CL Utrecht, The Netherlands.

In coronavirus infected cells the spike protein (S}
is synthesized and glycosylated on RER membranes. In
transitional elements between ER and Golgi membranes the
S protein is incorporated into budding virions. Virions
are transported through the Golgi apparatus and
secreted, During intracellular transport the
oligosaccharide side chains are processed which makes
the S protein maximally resistant to digestion by
endoglycosidase H {endo H). A fraction of the § protein
is not incorporated in virions and is probably
transported to the cell surface. The biosynthesis and
function of the $ protein was studied in coronavirus
infected cells and in cells infected with recombinant
vaccinia viruses expressing the S genes of IBv, MHV and
FIFV. By biochemical analysis of intracellular tramsport
using pulse chase labeling of § protein and endo H
digestion it was found that the recombinant expression
products are transported more slowly to the trans Golgi
cisterna than their counterparts in coronavirus infected
cells. Syncytia formation was  obsgserved in cells
expressing recombinant S proteins. Cell fusion was
restricted to feline and murine cells for the FIPV and
MHV S proteins, respectively.

¥e propose that the difference in transport rate is
due to the incorporation 1h virus particles. The slow
transport of S protein may be interpreted as transient
accumulation at or near the site of budding to allow
eftficient 1incorporation into budding virions or (o
localize the budding event itself. The cell fusion data
suygest that a specific interaction with a putative cell
receptor is necessary to trigger cell-cell fusion.

in trans was seasitive to changes at remote sites.

SPECIFICITY OF ENZYME-SUBSTRATE INTERACTIONS IN FOOT-
AND-MOUTH DISEASE VIRUS POLYPROTEIN PROCESSING

Martin D Ryan,* Graham J Belshaa and Andrew M Q King
AFRC Inst. for Animal Health, Pirbright Lab., Ash Road,
Pirbright, Woking, Surrey GU24 ONF, U.K.

Transcripts derived from a series of PMDV cDNA
constructs were translated iu a rabbit reticulocyte
lysate gystem. Processing by the L proteinase at the
L/1A cleavage site occured when most of the P1-2A
protein was absent. Substitution of sequences up-
stream of the 2C/3A cleavage site showed that the 3C
proteinase was also able to cleave at an entirely novel
cleavage site, spparently at K-I amino acid pairs.
Cleavage at the 2A/2B site was not only independent of
L and 3C proteinases, but occured when 2A and as few
as four 2B N-terminal amino acids were present.
Removal of the C-terminal regions of Pl~2A and 2BC
precursors impaired their ability to act as substrates
for 3C proteinase activity. Thus, primary processing
activities were resistant to changes adjacent to, or
at, the site of cleavage whereas secondary processing
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MULTIVALENT INTERACTION BINDS SFV SPIKES
TO THE NUCLEOCAPSID
Kalsrvo Metsikkd® and Henrik Garoff. Dept. of Molecular
Biology, Huddinge Univ. Hosp.,Karolinska Institute,Sweden
The spikes of SFV are composed of two polypeptide
chains (E1 and E2) which span the lipid envelope, and a
third peripheral polypeptide (E3). Only the E2 polypeptide
possesses a cytoplasmic tail. A recent approach using
idotypic network antibodies shows that this cytoplasmic tail
and the nucleocapsid have complementary surfaces (Vaux
et al., Nature 336, 36-41, 1988), suggesting an interaction
between these two entities. We have analysed this
postulated interaction by direct biochemical assays using a
synthetic peptide corresponding to the amino acid
sequence of the E2 tail. This peptide formed oligomers in
aqusaous solution. Western blotting of the different peptide
forms with 35S-labeled nucleocapsid showed that mainly the
oligomers bound radioactivity. Because during budding
obviously multipoint interactions mediate binding, we
attached the peptide to a solid matrix by bridging it to
Pansorbin via antibodies recognizing the C-terminal
segment of the peptide. This matrix bound the nucleocapsid
efficiently and tightly. Excess of soluble peptide partially
displaced the binding. Furthermore, SFV glycoproteins
bridged to Pansorbin via a monoclonal antibody against the
E2 luminal portion bound the viral nucleocapsid efficiently in
a solution containing Trition X-100 where soluble spikes did
not bind. These resulls provide biochemical proof for an
interaction. We suggest that muitipoint attachment is needed
1o obtain stable spike's tail-nucleocapsid binding.

AUTOPROTEOLYTIC ACTIVITY OF RECOMBINANT 3C PROTEASE OF
HEPATITIS A VIRUS (HAV)
verena Gauss-Miller*, Rainer Deutzmann®
*Med.Microbiol., Univ.Libeck, FRG, °Inst.Biochem.,
Univ.Regenburg, FRG

Picornaviral RNAs encode a single long open read-
ing frame representing a polypeptide of approximately
200 kd. Translation of virion RNA produces precursor
proteins which are subsequently cleaved in a series of
processing steps to yield the mature viral structural
and functional proteins. Comparison of the deduced ami-
no acid sequence of MAV with other picornavirus indi-
cates that 3C of HAV is a cysteine protease. In order to
study its substrate specificity the genomic region of
3C was expressed as protein fused to R-galactosidase in
E.coli using the pUC and pUR vectors. Extracts of
transformed bacteria were tested for 3C antigenicity by
immunoblot. Next to the expected fusion protein of
about 150 kd proteins of 28, 26 and 17 kd were detected
by an antipeptide serum. The N-terminal amino acid se-
quence of the 28 and 17 kd protein were determined. The
data suggest that transformed bacteria produce an auto-
proteolytically active protease and a polypeptide pro-
duced by internal initiation of translation. The recom-
binant protease (28 kd) induced antisera which were not
able to detect 3C in infected cells but reacted with
proteins translated from synthetic RNA. The recombinant
protein was insoluble and no transactivity could be
measured when recombinant proteins or translation pro-
ducts were used as substrates.
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EXPRESSION OF THE GLYCOPROTEIN E OF THE
TICK- BORNE ENCEPHALITIS- VIRUS IN
E. COLI
W.Tuma, F.X.Heinz, C.Kunz.
Institute of Virology, University of
Vienna, Austria.

The gene of the glycoprotein E of the
tick- borne encephalitis virus (TBE)
was expressed in E.cold using the
plasmid expression systen PEX-34. In
this system the protein is fused to the
MS2 polymerase.

20 monoclonal antibodies (mAbs) raised
against the virus E protein were used
to analyze the anti-genic structure of
the fusion protein and to determine
which epitopes are expressed. It could
be shown that all mAbs, except two of
the domain A, reacted in the same way
with the fusion protein and the virus
protein E.

In order to localize more precisely
those epitopes, defined by non-
neutralizing mAbs, fragments of the E-
gene were expressed and the resulting
proteins were analyzed with the =Abs.
It could be shown that one epitops (Il)
1s located within the 34 amino-terminal
amino acids of the E protein.

Virus) infection is mainly based on virus isolation,

“Detection of Virus-specific IgM Antibodies in Patients
with an acute Coxsackievirus-B-Infectiun by p-Western
Blot Technique"

M.R.Zunigs, J.Reicnardt, M.Rogoendorf, H.W.Doerr
Department of medicai Virology, Centre of Hygiene
University Clinics Francfort

Current laboratory diagnosis of a CBV (Coxsackie-8-

supported by the detection of rising or high virus-
specific neutralizing antibody titres. Since such high
titres have also been found in apparently healthy
people - probably arised by subclinical infection and
persisting for a8 year or more- CBV-IgM detection seems
to be a more reliable criteria for serclogical diag-
nosis. Since IgM antibodies capture assays have also
limitations, we tried to develop a type-specific tech-
nique, an improved micro-western blot (u-WB) -using 2
diffusion-blot and subsequent immunodetection with
biotin-avidin amplified reactions- which enables &
rapid and reliable identification of CBV-IgM antibodies.
IgM responses found by this test were mostly type-pre-
dominant and group-reactive to CBV1, CBV2 and CBV4.
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ODETECTION AND DIFFERENTIATION OF TICK-BORNE ENCEPHALI-
TIS VIRUS STRAINS BY NUCLEIC ACID SPGT HYBRIDIZATION.
Alexander G. Pletnev*, Vladimir A. Shamanin, and
Vladimir 1. Zlobin. Novosibirsk Irstitute of Bioorga-
nic Chemistry, 630090 Novosibirsk 90, USSR.

Nucleic acid spot hybridization with cloned tick-
borne encephalitis virus (IBEV, Far Eastern strain
Sof jin) cDNA was used for detectiga of the viral RNA.
Detection limit of the test with / “P/-~-labelled TBEV
cDNA as a probe was 10 pg Sof jin RNA. The assay detec-
ted different freshly isolated as well as prototype
virus strains, the detection limit being 4.3-7.5 lg
LD units of infectious virus (mice intracerebral
xn?gctxon). The probe cross-reacted with viruses of
IBE subgroup and didn't react with non-related flavi-
viruses of Japanese encephalitis and Dengue sub-
groups. The viruses of TBE sub-group were differenti-
aled from virus Sofjin by the melting temperature of
RNA-DNA hybrids.

Field collected ticks were tested for presence of
IBEY RNA., Results of hybridization were in a good
agreement with ELISA and virus isolstion data.

Synthetic deoxyoligonuclectides complementary to
T8EV  (Sof jin) genome RNA were used to differentiate
TBEV strains and related viruses of TBE sub-group iso-
lated from different gecgraphical areas. These probes
revealed genetic heterogeneity of TBEV strains. Number
af oligonucleotides hybridszing with 8 paticular virus
was assumed as a quantitetive measure of samilarity to
virus Sof jin, A pattern of hybridization of 1BEV
strains  with a panel of oligonucleotide probes corre-
Jated signifirant!ly with the source of virus strain
{strains isolsted Ffrom patients versus ones 1solated
from ticks), and correlated only to a small extent
with the geographical distribution.

CORRELATION BETWEEN THE LOCALISATION OF VIRAL
ANTIGENS AND FLAVIVIRUS-INDUCED STRUCTURES
Mah Lee Ng. Dept. of Microbioclogy, National
University of Singapore, Kent Ridge 0511, Singapore.
Studies on seversl flavivirus infections in Vero
or C8/36 celle mvialed o ~mom a vz 100 Ll
structure. This structure was coined as the vesicle.
The vegicles are smooth membrane structures of
60-80 nm in diameter. Consistently enclosed within
these vesicles was a 'thread-like’ structure. These
‘threads’ have been postulated to be progeny viral
RNA. In Kunjin virus infection it waa obeerved that
these vesicles appeared at about 10 hr p.i. Their
numbers increased exponentially until 24 hr p.i.
After 28 hr p.i., these vesicles were without their
‘thread’ enclosures. This observation was also seen
with Weat Nile, Dengue-2, Japanese and Murray Valley
encephalitis viruses although at different times
after infection. The cell microtubules were also
rearranged in Kunjin and West Nile viruas infections.
Uging immunofluorescence studies the NS3 protein was
found to be affiliated with the microtubules.
Immunogold technique revealed the NS3 and NS1
proteins to be diffused throughout the cytoplasm but
the E protein was present in sparse quantity in the
cvtoplasm. The NS3 protein was also seen located
evenlv along the plasma membrane but only clumped
deposits were seen for NS! and E proteins. However
none of these proteins were associated with the
virua~induced vesicles and their ‘thread' enclosures.
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ASPARAGINE-LINKED OLIGOSACCHARIDES OF SEMLIKI
FOREST VIRUS GROWN IN MOSQUITO CELLS TREATED
WITH INHIBITORS OF N-LINKED OLIGOSACCHARIDE
TRIMMING
Hussein Y. Naim* and Hans Koblet; Institute of
Hygiene and Medical Microbiology, University
of Berne, Switzerland

An increasing interest in glycoproteins
and their carbohydrate moieties has led to the
development of numerous techniques for the
preparation of glycopeptides and oligosaccha-
rides. Semliki Forest virus (SFV) is a good
model for such analysis. Previously, we have
shown that in cells treated with trimming
inhibitors, Endo-H sensitive glycans were
formed, and the produced virions were bio-
logically active. In the present study we have
analysed the carbohydrate side chains of SFV-
envelope glycoproteins, after treatment' qf
Aedes albopictus cells with 1-deoxynojiri-
mycin{dNM), deoxymannojirimycin {(dMM) or swai-
nsonine (Sw). In vertebrate cells these drugs
inhilit the action of glucosidases I,II and
mannosidases I and II respectively.

Our results show inhibitor dependent glyco-
sylation of the produced virions. When cells
were treated with dNM, the oligosaccharides
GlcsMans.sGlcNAc were detected; and with Sw,
Man.,_sGlcNAc were formed; finally, structures
such as Manae.-GlcNAc could be found when cells
were treated with dmM.

TRANSMISSION OF HEPATITIS.E VIRUS TO OWL MONKEYS (AOTUS

TRIVIGATUS). J Ticehurst*”, L es?, K awczynskt’.
L Asher’, W Engler , J Caugdill;, M Sjogren~, C Hoke", J
LeDuc?, D Bradley?, L Binn". alter Reed Army Inst

ges, 2US Army Res Inst Infect Dis, 3Ctrs Dis Control,
Armed Forces Inst Path, USA

Hepatitis E virus (HEV), a proposed designation for
the agent of enterically-transmitted non-A, non-B
hepatitis, is a positive-strand RNA virus that has
caused disease in both hemuspheres and in populations
likely to have been infected with many enteric viruses
during childhood. It has been difficult to establish
animal models of HEV infection; among several
susceptible species of primates, cynamolgus monkeys
have been the most useful. Efforts to understand the
virus and its epidemiology have been hampered by
limited amounts of HEV and by low concentrations of
anti-HEV in most convalescent-phase sera. We
mnoculated 6 owl monkeys with feces from Mexico known
to contain infectious HEV. All seroconverted and had
high levels of anti-HEV (detected by I1FM) 6 months
after inoculation. Three had biochemical and
histopathologic evidence of hepatitis, but HEV was not
detected in their feces by IEM. HEV antigen was
detected by ummunofluorescence analysis of liver tissue
from 2 of 4 biopsied owl monkeys. (All 5 cynamolgus
monkeys given the same inoculum developed hepatitis;
one, studied 1n detail, seroconverted, had HEV antigen
1 liver, and excreted HEV particles into bile and
feces.} Although these owl monkeys did not excrete
detectable HEV or u.iformly develop hepatitis, all were
infected and developed sustained high-level antibody
responses that may be valuable {.. understanding
ity to HEV and for developing rapid ummunoassays.
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SIMULTANEQUS QUANTITATIVE DETECTION OF MULTIPLE PLANT
VIRUSES BY TIME-RESOLLVED FLUOROIMMUNGASSAY
Hart Saarma*, Elena Andreeva, Riivo Sinijarv and Lilian
Jarvekulg. Institute of Chem.Physics & Biophysics,
t~tcrian Acad.Sci., 200026 Tallinn, Estonia/USSR
Simultaneous detection of two or more antigens in
one sample is of considerable interest in many research
areas and in routine diagnostic work. Hosts are often
infected by several viruses at the same time and simul-
taneous detection of two or more viruses is advantageous
Potato plants have often single or multiple infection
with potato virus X(Pvx), M(PuM), S{PVS), A(PVA)} and
potato leafroll virus (PLRV). Thus, large scale, rou-
tine virus detection in potato plants requires st least
s3x independent DAS ELISA assays for a single plant
specimen. Sensitive time-resolved fluoroimmunoassay
LTR-FIA) with lanthanide-labelled antibodies opens up
the possibility for multiple labeiling, since fluores-
cent lanthanides Eu3+, Tb3+, Sm3+ and Dy3+ have narrow
tanded emissiun lines clearly distinguishable from each
other. bor simultanecus quantitative detection of two
antigens in one sample, monoclonal antibody (MAb) to PUM
was labelled with a8 lanthanide fu3+ and MAb to PUX with
another lanthanide Sm3+. A mixture of these MAbs was
used for coating and the labelled MAbs were used as a
conjugate. After performing the immunoreactions, the
fluorescence of the dissociated lanthanides was measured
at different wavelenghs in a time-resolved fluorometer
to quantify PUM and PVX amount in a sample. Double-label
TR-FIA detected lng/ml of each virus in a single assay.
Triple-label TR-F[A, where Eu3s+, Tb3+ and Sm3+-labelled
MAbs were used, detected 10ng/ml of esch potato virus
gimultaneously. Thus, the quantitative double- and
triple-label TR-FIA is at least as sensitive as ELISA.

NUCLEAR ACCUMULATION OF DELIVERED SEMLIKI
FOREST VIRUS CAPSID PROTEIN.

M.R. Michel*, M. Elgizoli, Y. Dai, and H.
Koblet; Institute of Hygiene and Medical
Microbicloyy, Univ. of Berne, Switzerland.

As shown elsewhere, capsid (7 )protein of
Semliki Forest virus transferred into various
target cells by electroporation, liposome, and
red-cell-ghost mediated delivery affects
protein synthesis in a pleiotropic fashion
(Elgizoli et al., J. Virol., in press}. Small
amounts (10* to 10* copies per cell) induce
the synthesis of specific M. classes of
cellular proteins, whereas high amounts (10°
to 10°® copies per cell) act as a general
synthesis inhibitor. Here we show that similar
to induction, repression of protein synthesis
lasted only for about two hours after delivery
of C-protein. The repression was followed
thereafter by an unexpected, short lived
induction of protein synthesis. Evidence is
presented showing that delivery of C-protein
into the cytosolic compartment resulted in its
rapid confinement to the nucleus at the
expense of C-protein present in the cytoplasm.
In addition, morphological studies as well as
subnuclear fractionation revealed that the
majority of the delivered C-protein molecules
had a high affinity for nucleoli.

g
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TRYPSIN SENSITIVITY OF SEVERAL HUMAN RHINO- TYPING OF HUMAN RHINOVIRUSES BASED ON SEQUENCE
VIRUS SEROTYPES IN THEIR LOW pH-INDUCED CON- VARIATIONS IN THE 5° NON CODING REGION
FORMATION Helge Torgersen*, Dieter Blaas and Tim Skern.
Meinrich Kowalski, Ingrid Meurer-Fogyl, Gert Institut fir Biochemie, Wahringer Str. 17,

g, Anton Beyer® and Vienna, Austria.

Vriend2, Georg Casari S ) )
Dieter Blaas®. Institut fir Biochemie, Wah- Unambigous assignment of restriction
ringerstr. 17, A-1090 Vienna, Austria. ‘Dr. enzyme patterns to six individual serotypes
Ernst Boehringer Institut fur Arzneimittel- (two sets of closely related ones, HRV1A and
forschung, Dr. Boehringergssse 5-11, A-1120 HRV1B and HRVZ and HRVAY together with the
Vienna, Austris, 2Dept. of Crystallography, much less closely related HRV14 and HRVE9)
University of Groningen, Nijenborgh 16, of hgman rhxnovlrus was accomplished after
NL-9747 AG Greningen, Netherlands, 3Institut amplification of a 380 bp ONA fragment derived
fir molekulare Pathologie, Or. Bohrgasse 7, from Fhe 5’ non-coding region using the PCR
A-1030 Vienna, Austria technigue., This was possible even though the
Human rhinoviruses were examined for closely related serotypes 1A and 1B and
sensitivity to trypsin at physiological pH serotypes 2 and 49 differed only in 10 and 17
and after exposure to low pH. HRV1A, HRV2 and nucle0t1desArespectxvely in this region. This
HRV14 were found to be resistent whereas in method utilizes the conserved and variable
serotypes HRVA49 and HRV8Y degradation of VP2 components of this part of the genome and
was observed. However, exposure to low pH led DFOYldeS the basis for a simple and rapid
to rapid clesvage by trypsin of VP1 in HRV1A, typing of human rhinoviruses.
HRV2 and HAV49 at defined sites followed by
degradation of VP2. The cleasvage site in VPl
was determined for HRV2 and was shown to occur
between Arg260 and Thr261, close to the C-
terminus. As the cleavage site is most pro-
bably buried inside the capsid, structural
rearrangements of the viral capsid are thus
necessary to account for the cleavage observed
after low pH treatment.
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CHARACTERIZATION OF RUBELLA VIRUS GLYCOPROTEIN E2 PERSISTENT INFECTION OF K562 CELLS BY
OLIGOSACCHARIDES. ENCEPHALOMYOQCARDITIS VIRUS
M. L. Lundstrom*, C. A. Mauracher and A. J. Tingle. Ingrid U. Pardoe®, M. Pah Baldeh, Jawed Hamid, Kanwal K.
Department of Pediatrics, The University of British Grewal & Alfred T.H. Burness. Faculty of Medicine, Memorial
Columbia, 950 West 28th Avenue, Vancouver, British University, St. John's, New({oundland, Canada AiB 3Vé.
Columbta, V52 4H4, Canada. Based on the paucity of published reports, it appears
Rubella virus glycoprotein E2 is a constituent of that establishment of persistent infections by encephalo-
the viral envelope. It has a mclecular weight of 42,000 myocarditis (EMC) virus does not occur readily. It was
-47,000 D and is highly glycosylated. The fully surprising, .herefore, to find that persistently infected
processed E2 found in mature virions is a very hetero- cultures were established with ease when EMC virus inflected
genous specles, which 1s believed to be due to human leukacmic K562 cells. In contrast to the usual typical
differences in glycosylation. The difference in MW lytic infection by EMC virus where trypan blue staining of
between unglycosylated and fully processed E2 is more cells reaches close to 100% by about 15 hr post-infection
than 12,000 D, suggesting that at least one of the three K562 ccll cultures required 3 to 4 days following infection
available glycosylation sites becomes glycosylated with to reach a maximum of about 80% cells staincd. The proportion
an unusually large oligosaccharide. The high degree of of K362 cells taking up stain gradually decreased to about
heterogeneity of mature E2 also indicates that the 10% of those present by about 13 days post-infection; during
carbohydrate molety ts subject to extensive processing. this time, virus yield per day measured by cither plaque or
In order to determine the structure of the carbo- hacmagglutination titration [cll about ten fold. In some
hydrate molety of E2, the structural protefns of the cultures, this decrcase in per cent staining was followed by
rubells virus strain M33 were purified using poly- later wavesof increased staining accompanied by increased virus
acrylam{de gel electrophoresis and subsequent electro- production. Virus-producing culturcs have been maintained for
elution of protein bands. Purified F?, radiolsbelled over 3 months. Evolution of both virus and cells accompanied
with 3H-Gl cN, was digested with pronase and the the establishment of persistence in that plaque size changed
resulting glycopeptides were analyzed using HPLC, column from about 7 mm in diameter for the original virus to less
chromatography and Sepharose- or Agarose-bound lectins. than 1.5 mm by day 20 post-infection and the majority of
Ulycopeptides were also digested with various cells cloned from persistently infected cultures were resistant
glycosidases and the change in size was monitored by gel to superinfection with original virus. Resistance was due, at
filtration. least in part, to reduced virus attachment in that binding
of 3H-virus to cloned resistant cells was about 1.7% of that
to uninfected cells. The possible presence of viral products
in the resistant cells and defective interfering particles in
the virus population are presently under investigation as
part of this continuing study. Work supported by the Canadian
MRC and the Canadian Diabetes Association.
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MECHANISM OF ASTROVIRUS ENTRY INTO 293 CELL LINE
Superti F.°, Tinari A., Marziano M.L., Donelli G.
Department of Ultrastructures, Istituto Superiore di
Sanita, Viale Regina Elena 299-0016!-Rome, (Italy).

In order to investigate the cell encry pathway
of serotype 1 human astrovirue, different lysosomo-
tropic agents (ammonium chloride, methylamine and
dansylcadaverine) and & ionophore (monensin) have
been evaluated in their ability to interfere with the
infection of a human embryo kidney cell line (293).
In fact, these compounds are known to raise endosomal
and lysosomal pH by different wechanisms. Virus
attachment to cell monolayers was allowed to occur at
0°C; then viral penetration was induced by temperatu-
re shift at 37°C. Rate of infection was monitored by
indirect lmmunofluorescence after 24 hours. The fin-
dings of our experiments showed that all drugs tested
were not virucidal and did not interfere with the
virus attachment etep. On the other hand when the
same compounds were added following viral binding,
antigen synthesis was seignificantly ianhibired. All
drugs acted on the early stages of infection and
ammonium chloride was the most effective. Resulte
obtained suggest that human astrovirus entry follows
an {ntravesicular route requiring a pH dependent
process for viral genome release in the cytosol.
These data have been supported by electron micriscopy
observations on infected cells in which viral parti-
cles have been detected whithin coated vesicles.

CREATION OF AN ANTIGENIC SITE IN POLIOVIRUS TYPE 1 BY
ASSEMBLY OF 14 S SUBUNITS

B. Rombaut®*' A. Boeyé!, M. Ferguson®, P. Minor®,

A. Mosser' and R. Rueckert’. ‘'Dept. of Microbiology &
Hygiene, Vrije Universiteit Brussel, Brussels, Belgium,
*Natl. Inst. for Biological Standards & Control,
Potters Bar, U.X., 'Inst. for Molecular Virology and
Dept. of Biochemistry, Univ. of Wisconsin, Madison,
U.S.A.

14 S subunits are pentamers of the structural unit
comprising one molecule of each of the capsid polypep-
tides VPO, VPl and VP3., These 14 S subunits are assem-
bled into virions. On poliovirions, four different
antigenic sites have been recognized. Site 1, which is
immunodominant in poliovirus type 3, but of lesser im-
portance in type !, is continuous, whereas the structure
of the other antigenic sites appears to be more complex.

Nineteen neutralizing monoclonal antibodies tar-
geted against the four known antigenic sites of polio-
virus type | were tested for their binding capacity of
14 S subunits. All 13 antibodies targeted against
antigenic sites 1, 2 and 3A recognized 14 S subunits,
whereas none of the 6 antibodies specific for site 3B
did so.

It may be concluded that three out of the four
major antigenic sites {1, 2 and 3A) are already present
on 14 S subunits, Site 3B, in contrast, is only present
on virtons and spans the boundary between pentamers in
the virion. As this antigenic site is created by assem-
bly of 14 S5 subunits it might be called a “"neotope”.
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ANTIGENIC PROFILE OF CHIKUNGUNYA VIRUS
A.L. Schmaljohn* and J.M. Dalrymple
USAMRID, Fu Detrick, Frederick, MD, USA

Chikungunya virus (CHIK) is an alphavirus eademic to
Africa and Asia, where it causes human disease charac:erized
by fever, arthralgia, and frequent arthritis. To facilitate efforts
in the development of vaccines protective against the greatest
possible array of medically important alphaviruses, we initiated
studies of CHIK immunobiology. Assays with polyclonal sera
underscored the natural polymorphism of neutralization
cpitopes: not only was there poor cnss-neutralization with
other members of its antigenic complex (e.g., Semliki Forest,
Mayaro, and Ross River viruses), there was considerable
heterogeneity among various CHIK isolates. However,
antibody-mediated complement-dependent cytolysis, known in
many cases o be & correlate of protection by non-neutralizing
antibodies, demonstrated great similarity among CHIK strains
and some potential for cross-reactive protection with disparate
alphaviruses. Monoclonal antibodies were used to establish that
two conserved epitopes were homologous to El wopologic sites
previourly shown to be involved in protection against gindbis
virus, while other cell-surface epitopes, not yet characterized in
detail, were restricted to CHIK and closely related viruses.
Unlike humoral responses, lympboproliferative assays -- taken
as crude measures of T cell responsiveness -- did not reveal
cross-reactivity between CHIK and distanily related
alphavisuses, Sindbis and Venezuelan equine encephalitis
VIFuses.

MONOCLONAL ANTIBODIES TO DENGUE TYPE 1
NONSTRUCTURAL PHROTEIN NS3

CHC.Tan" EH.Y pandY C_ Chan
Department of Microbiology, Nanonal Universty of Singapore.
SINGAPORE

Dengue viruses of which thera are 4 serotypes cause dengue fever and the
more severe dengue haemorrhagic fever/dengue shock syndrome. In
amimal protachon studies, envelope proteins of dengue 2 virus, contrary to
conventionai thinking. did not provide significant protection against dengue
virus challenge. In contrast, passive protection in mice has been
with ( b 10 NS1 of dengue 2 virus and
active protecion using NSt. The aim of this project was 1o siudy the
immunological significance of the nonstructural protsin NS3 using
monocional antibodies prepared against dengua 1 virus. The monocionals
produced were selected by ELISA using infected C6/36 cell lysate which
has baeen found to contan nonslructural proteins in western blots when
tested against mouse hypenmmune serum. ELISA posilive hybrids ware
cloned by limiting dilution twice and further charactersed by western bloi
An inditect immunoflourescent sssay (IFA) was used 10 contrm the
presence of dengue virus Four that were
posdive in IFA were seiacted for futher studies. These showed no reactivity
n complement fixallon anc haemagglutination intibition 1ests By
t using [353) 9 ls alled C6/36 cell extract,
these antibodias precipitated two proteins of molecu .« weights similar to
that of NS3 and NS5. These monocionals reacted in western blot 1o a Trp E-
NS3 fusion proten expressed trom a recombinant plasmid, PATH 10
NS3{Eco-Eco)S [provided by V Deube!] This tusion prolein contains
approximalely 40% of the carboxy 1erminal of the NS3 protein. Antibody
sludies in patignts with the Trp E-NS3 fusion protein as well as passive
protection siudies with the manoclonals p oduced will be periormed
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NEUTRALIZATION OF POLIOVIRUS

Klaus Wetz

Heinrich-Pette-Institut fiir Experimentelle Virologie
und Immunologie an der Universitdt Hamburg, Martini-
strasse 52, 2000 Hamburg 20, F.R.G.

Among different mechanisms of virus neutraliza-
tion one seems to be essential which is suggested to
stabilize the capsid by cross-linking subunits with
bivalent antibodies and thus preventing the virus
from being uncoated. This is supported by the obser-
vation that after cleavage of the antibodies into Fab
fragments, virus infectivity is completely restored,
while the Fabs remained on the virus surface. This
effect could be simulated by cross~linking poliovi-
rus with a bifunctional reagent by introducing di-
sulfide bridges between subunits, which reduced in-
fectivity by more than 99%. It could be shown that
VP1-VP3 were cross-linked. Upon cleavage of the
cross-links using mercaptoethanol, infectivity was
restored as well. It is therefore suggested that
neutralization occurred only if antibodies are bi-
valently bound. There is evidence that virus which
has been neutralized using different methods pene-
trated into Hela cells. Virus treated with Glura-
thione could be reisolated from infected cells and
was fully infective. Likewise was chemically cross-
linked virus and antibody-treated virus reisolated
from cells, while antibodies alone did not enter
cells. It is suggested that upon chemical cross=-link-
ing of subunits at the virus surface with few bridges
a cooperative conformational change of the virus
shell is blocked, which, under liberation of the RNA,
leads to an infection. A similar mechanism probably
occurs with antibody-bound virus.

ANTIGENIC SITE-SPECIFICITY OF ANTIBODY RESPONSES TO

TYPE 3 POLIQVIRUS IN MICE

M.Roivainen**, M.Murray3, E.Himmer§, and T.Hovi“,
#National Public Health Inst, Helsinki, Finland and
State Univ of New York at Stony Brook, New York,NY,USA

Groups of Balb/c mice were immunized with intact or
trypsin-cleaved type 3 poliovirus/Saukett or with a re~
combinant poliovirus containing, in the type 1/Mahoney
basic structure, the exposed trypsin-sensitive BC loop
of VPl as the only component from the type 3/Leon virus
(Ref.l). Similar preparations were used as challenge
virus in assays measuring neutralizing antibodies.

Intact type 3/Saukett virus induced antibodies
targeted mainly to the BC loop of VPl, which is a
central pi-t of the designated antigenic site 1. The
level of ‘hese antibodies decayed rapidly while the
response to other antigenic sites became more prominent
during tht three weeks observation period. Mice
immunized with the trypsin-cleaved type 3/Saukett virus
also developed antibodies to the BC loop of VPl but the
proportion of antibodies targeted to other antigenic
sites was greater than in the case of the intact virus-
immunized mice. Recombinant virus-induced type 3-
specific antibodies were all targeted to the BC loop of
VPl and consequently, could not neutralize trypsin-
cleaved type 3 polioviruses.

These results suggest that by using trypsin-cleaved
poliovirus as an injectable immunogen it is possible to
modify the antigenic site dis.ribution of the induced
antibodies towards a pattern similar to that observed
in man afterpoliovirus infection,

References:
(1) Murray et al.:Proc.Natl.Acad.Sci. 85:3203-7, 1988.
(2) Roivainen and Hovi:J Virol 61:3749-53, 1987,
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RECEPTORS FOR RUBELLA VIRUS ON VERO CELL MEMBRANES
§P.Mastromarino*, “L.Ciocé, §S.Rieti, §N.Orsi.
§Institute of Microbiology and “Institute of Virology,
School of Medicine, University of Rome "La Sapienza",
Rome, Italy.

Membrane receptors for rubella virus (RV) in Vero
cells were studied by means of two different
approaches: 1) by enzyme treatment of the whole cell
membrane and 1i) by testing the ability of isolated
plasma membrane molecules to compete with cells for
virus binding . The susceptibility of enzyme treated
cells to RV infection was assessed by indirect
immunofluorescence assay. Phospholipases A2 and C
digestion greatly reduced the infectivity by the virus,
suggesting the involvement of 1ipid structures as
receptor sites for RV. When the major membrane lipids
were examined separately for their ability to 1inhibic
viral infectivity, several phospholipids (phosphatidyl-
serine, phosphatidylinositol, phosphatidylethanolamine,
phosphatidylcholine, sphingomyelin) and glycolipids
(cerebroside sulphate, lactosylceramide, gangliosides)
showed a strong neutralizing activity. This effect was
dose dependent. The replication of 1lipid treated
rubella virions was studied with both molecular
hybridization techniques and indirect immunofluorescen-
ce assay. RV specific recombinant plasmids were used
as probe for the detection of virus sequences in the
various experimental conditions.

EFFECT OF AMMONIUM CHLORIDE AND CHLOROQUINE ON THE
GROWTH OF RUBELLA VIRUS IN VERO CELLS

§P.Mastromarino*, “L.Cioé, §S.Rieti, §N.Orsi.
§lnstitute of Microblology and “Institute of Virology,
School of Medicine, University of Rome "La Saplenza",
Rome, Italy.

To study the penetration and uncoating processes of
Rubella virus (RV), we analyzed the effect of ammonium
chloride and chloroquine, known to increase the pH of
intracellular vesicles, on the infectivity of RV in
Vero cells, wunder one-step multiplication conditions.
The lysosomotropic  weak bases inhibited wviral
replication monitored by indirect {mmunofluorescence
assay. A total inhibition was achieved when ammonium
chloride (20 mM) and chloroquine (0.05 mM) were present
during a complete replication cycle (48 hr), after
viral adsorption on cell membrane (1 hr, & C). The
time course for the inhibition during the first 24
hours was determined by adding/removing the drugs at
different times after the virus addition. The presence
of the agents in the first 2 hours did not modify viral
replicatfon. At subsequent time there was a time-
response relationship with 502 inhibition at 6 hours
and a 100% inhibitfon at 12 hours. The time required
for viral infectivity inhibition by the lyscsomotropic
agents corrvesponded to the latent period of the virus
and to the first detectlon of viral RNA synthesis.
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EFFECT OF POLYIONS ON SINDBIS VIRUS-CELL INTERACTION
P. Mastromarino*, C. Conti, K. Lapadula, N. Orsi.
Institute of Microbiology, School of Medicine,
University of Rome " La Sapienza", Rome, Italy.

The involvement of electrostatic interactions in
the binding of Sindbis virus to cell membrane recep-
tors was studied using several polyanions and
polycations. The capacity of polylons to interfere
with viral attachment was tested on Vero cells,
susceptible to infection, and on binding and fusion
of goose erythrocytes. The agents were incubated with
Vero cells immediately before, during or after
exposure of the cells to Sindbis virua. Heparin
inhibited plaque formation only when present during
virus adsorption. In contrast poly-L-lysine and
protamine had inhibitory effects whether they were
incuybated with cells before or during exposure to
virus. None of the polyions was able to inhibit viral
attachment to erythrocytes, whereas the hemolytic
activity was sensitive to mucin and polygalacturonic
acid. All these results suggested a role of membrane
proteoglycans as Sindbis wvirus binding sites;
therefore the effect of heparinase and chondroltin ABC
lyase digestion on the susceptibility of cells to
viral binding has been studied.

FUNCTIONAL ANALYSIS OF A PANEL OF MONOCLONAL ANTIBODIES
GENERATED AGAINST THE NON-STRUCTURAL GLYCOPROTEIN, NS1
OF DENGUE TYPE 2 VIRUS (PR159).

A K I Falconar® and P R Young, Dept of Clinical
Sciences, London School of Hyglene and Tropical
Medicine, Keppel Street, London WC1E THT, UK

Antibody mediated enhancement of viral replication
has been implicated in the pathogenesis of dengue
haemorrhagic fever. In an attempt to circumvent the
problems associated with eliciting an immune response
directed against structural cowmponents of the virion,
the protective capacity of the non-structural glyco-
protein, NS} has been assessed. Both active anq
passive protection with homologous but not heterologous
dengue virus serotypes have now been demonstrated.
While common epitopes within the dengue group have
been identified by a number of workers using poly-
clonal sera, no monoclonal antibodies {mAbs) have
been described which would allow a detailed analysis
of potential cross-protective epitopes.

In this study, affinity purified dimeric NS of
dengue 2 (PR159) virus was obtained using high pH
elution, MAbs obtained frow mice lLomunized with this
protein have ylelded a number of dimer specific
clones as well as a panel of mAbs showing a variety
of cross-reaction patterns within the dengue group.
Several clones describe both linear and conformational
epltopes common to all 4 serotypes of dengue viruses,
A number of these clones also cross-react with other
flaviviruses, most notably with members of antigenic
group III. These mAbs have been studied for their
ability to fix complement, lyse virus infected
target cells in vitro and to confer passive protection
in mice against live dengue virus challenge,
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MUKINE T LYMPHOCYTE RESPONSES TO DENGUE VIRUS AND
VIRAL PROTEINS

Alan L Rothman*l. Ichiro Kuranel, Yi-Ming Zhangz,
Ching-Juh Lail, and Francis A. Ennisl. Univ of Mass
Medical Center, Worcester, MA 01655. Laboratory of
Infectious Diseases, NIH, Bethesda, MD 20892.

We have studied the in vitro responses of spleen
cells from dengue virus-immune mice as a model of human
lymphocyte responses to dengue virus. Mice were
immunized with one intraperitoneal dose of live dengue
virus. Spleen cells from mice immunized with any of
the four dengue serotypes showed signific-ntly higher
levels of proliferation when incubated with an antigen
of Vero cells infected with the same dengue serotype
than when incubated with & preparation irom uninfected
Vero cells. The proliferating cell population was
predominantly Thyl.2%t L3T4* Lyt2-. This proliferative
response was predominantly serotype specific, with a
lower level of serotype cross-reactivity.

Viral proteins expressed in Sf9 cells with a re-
combinant baculovirus were used to identify viral
proteins responsible for the proliferation. Lympho-
cytes from dengue 4 virus-immune mice showed high
levels of proliferation {n response to a preparation
expressing dengue 4 virus C, pre-M, E, NS!, and NS2a
proteins. A preparation expressing only dengue 4 virus
E protein also induced a proliferstive response,
although to a lesser extent,

T cell clones have been established from dengue 2
virus~immune mice by repeated stimulation with dengue
2 viruys antigens. The clones express the Thy1.2+
L3T4* Lyt2” phenotype. Proliferative responses of the
clones are predominantly serotype specific, similar to
the resporses of immune spleen cells in bulk culture.

IDENTIFICATION AND PRESENTATION OF THE ANTIGENIC
SITES OF 0, KAUFBEUREN FOOT-AND-MOUTH DISEASE
VIRUS .

J.D.A. Kitson?

J.W. Almond

]AFRC Institute for Ani{mal Health, Picrbright, Woking,
Surrey, U.K.
University of Reading, Reading, U.K.

, G.J. Belshnml, K.L. Butke2 and

Four antigenic s{tes have been identified on O
kaufbeuren FMDV by the characterization of monoclonal
antibody escape mutants, Two sites f{nvolve amino
ac{d residues frcm VPI, a third site residues from
VP2 while the fourth site consists of residues from
VP31, Polio/FNDV chimaeric viruses have been
constructed, with sequences corresponding to the
antigenic regions of FMDV inserted into antigenic
site ! of poliovirus. One of these polio/FNDV
chinaeras is neutralised by antl1-FMDV mAbs and poly-
clonal sera. The immunogenicity of these viruses
is being inveatigated.
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‘THE CONSTRUCTION AND CHARACTERIZATION OF POLIOVIRUS:
HIV-1 ANTIGEN CHIMAERAS 1

David Evans, Jane McKeatjng , Karen Bur!e, Janet
Meredith, Morag Ferguson , Kerai Katrak™ , Philip Minor ,
Robin Weiss and Jeffrey Alamond.

Department of Microbiology, Univgrsity of Reading,
London Road, Reading. RG1 3AQ. Chegter Beatty
Laboratories, Fulham Road, London. NIBSC, South Mimms,
Potters Bar, Herts.

Following the successful construction of an

intertypic poliovirus chimaera by Burke et al.,

(Nature 332:81-82) we have used antigenic site 1 of the
live-attenuated Sabin type 1 vaccine to present epitopes
from Human Immunodeficiency Virus (RIV-1). Viable
antigen chimaeras have been generated that express
known and predicted epitopes from the envelope
glycoproteins {gpl20, gp4l) of the HTLV-IIIB strain of
HIV-1. The antigenicity and immunogenicity of the
chimaera, containing 18 residues derived from gp42

has been shown to induce group specific neutralizing
antibodies in rabbita. We have demonstrated that
antigenic site 1 displays considerable flexibility,
both in the number and sequence of amino acids that

can be accommodated. These studies establish the
potential of poliovirus as a vector for the expression
of foreign epitopes, which may have implications for
future vaccine design.

RECEPTOR GROUPING OF ENTEROVIRUSES X

'Karen.L Hgdingham , Pavid J Cockburn™, and Jeflfrey W
Almond . Department of Microbiology, University of
Reading, London Road, Reading, Berks, RG1 5AQ, UK;
Geneties Laboratory, Department of Biochemistry,
University of Oxford, South Parks Road, Oxford, OX1 3QU

UK.

Cell tropism and host range restriction in picorna-
viruses is largely determined by cellular receptor
specificity. It has been shown that each of the>100
human rhinovirus serotypes bind to human cells via one
of only 2 classes of receptor. Similarly, the 3 sero-
types of poliovirus bind to a common, unique, receptor.
However, very little grouping of the»30 other human
enterovirus serotypes according to their receptor
specificities has been performed. Human-rodent somatic
cell hybrid lines are being used to perform such
grouping. The chromosome complements of survivors of
virus infection are being studied to establish the
chromosomal location of the receptor genes,
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PRELIMINARY CHARACTERISATION OF THE RECEPTORS
INVOLVED IN KUNJIN VIRUS ENTRY VERO CELLS
Lionel L.C Lau*, Mah Lee Ng and Claudia L.C. Wong.
Department of Microbiology, National University of
Singapore, Kent Ridge 0511, Singapore

Evidence have shown that entry of Kunjin virus 1s
via receptor mediated endocytosis. Data from
interference studies showed the receptors to be unique
te Kunjin virus. When West Nile or Sindbis viruses
wore exposed to Vero cells simultaneously with Kunjin
virus the rate of entry of the viruses were similar to
that of single infection by each virus. There was also
no 1nterference when Sindbis or West Nile virus was
coinfected with Kunjin vi The intracellular virus
yields after the adsorption period was similar to
single infection by each of these virus. Further
characterisation was made using a range of proteases
ad glycosidases. The preliminary data showed that the
entry of Kunjin virus was inhibited by pretreatment of
the cells with these enzymes, indicated the receptor
may be a glycoprotein. Initial results show that the
activities of alpha-glucosidase and alpha-galactosidase
appear to inhibit virus adsorption.

DETECTION OF THE HUMAN RHINOVIRUS MINOR
GROUP RECEPTOR ON RENATURING WESTERN
BLOTS
Harald Mischak, Christoph Neubauer,
Berthold Berger*, Ernst Kiychler ang
Dieter Blaas, Institut fir Biochemie
Wahringerstr. 17, A-1090 Vienna, Austria
The human rhinovirus minor group
receptor was extracted from Hela cell
membranes and partially pur.fied. Re-
ceptor activity was detected on Western
blots by binding of 35S labelled human
rhinovirus serotype 2 (HRV2) to the immo-
bilized protein at a position correspon-
ding to a2 molecular weight of 120 kD. The
properties of the filter-immobilized
receptor were assessed and found to be
very similar to those of the Hela cell
membrane-associated protein.
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MODELING OF THE Ci1 DOMAIN OF INTRACELLULAR
ADHESION MOLECULE 1 (ICAM-1), THE HUMAN
RHINOVIRUS MAJOR GROUP RECEPTOR.

Vincent L. Giranda*, Michael Chapman, Michael G. Rossmann,
Purdue University, West Lafayette, IN U.S.A., and Donaid E
Staunton, Timothy A. Springer, Harvard Medical School, Boston,
MA USA.

ICAM-1 has recently been shown to be the cellular receptor
for the major group of rhinoviruses (Staunton et al. (1989) Cell,
56, R49; Greve et al., (1989) Cell, 56, 839). The sequence of
ICAM-1 suggests it is a member of the immunoglobulin
supergene family and is consistent with five immunoglobulin like
domains (Staunton et al., (1988) Cell, §2, 925). The C1 domain
of ICAM-1 is modeled using structural and sequence information
10 gain insight into the viral-cell surface interaction. The starting
point for the ICAM- 1 modeling is the known structures of the CL,
C1,C2, C3 IgG domains. These domains share a common seven
strand beta sandwich secondary structure which allows them to be
structuraily aligned. The sequence of the C1 domain of ICAM-1
is atigned with the sequences of the immunoglobulin domains
with known structures, which allows the formulation of three
dimensional model of the ICAM-1 Ct domain. The model
permits docking of complementary surfaces and charges between
the Human Rhinovirus- 14 canyon and the ICAM-1. The ICAM-1
C1 domain model fits well into the rhinovirus canyon where it
covers residues which are known to be important in viral
attachment to cells, as determined from mutational analysis
(Colonno er al., (1988) Proc. Nail. Acad. Sci. U.S A. 85, 5449).

COMPONENTS OF NEUTRALIZATION: THEIR
IMPACT ON VARIATION IN A POLIOVIRUS NEU-
TRALIZATION ASSAY
Mark A. Pallansch’, Kaija Maher, and Tamira Van Noy
Enterovirus Laboratory, Centers for Disease Control,
Atlanta, GA 30333 USA

The neutralization assay for measuring antibodies 1o
poliovirus has been used extensively to determine efficacy
of vaccination policies worldwide and an individuals resis-
tance to possible infection. Despite nearly four decades
as the cornerstone of in vilro measurements of host im-
munity, many components of this assay have not been
carefully considered during efforts to interpret results bet-
ween different tests both within and among different
laboratories. We have examined the effect of 1) the
possible mechanisms of neutrafization, 2) the variation in
virus concentration, 3) the variation in end point estima-
tion, and 4) mechanical and logistic factors as they affect
variation, We have used this information to implement
several practical modifications and refinements to the
microneutralization assay and applied these changes 1o a
project involving 24,000 neutralization assays performed
over a period of less than one year. Use of these proce-
dures gives an accurate method to correct for daily dif-
ferences in test sensitivity. This approach to test develop-
ment has implications for many biological measurements
of the virus-host interaction.
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RECOGNITION OF FLAVIVIRUSES BY T HELPER CELLS
*J.E. Allan, M.F. Uren, D.M. Hartley, A.R. Hunt, J.T.
Roehrig and J.H. Mathews, St. Jude Children's Research
Hospital, Memphis, TN, USA; Dept. of Exp. Pathol., The
John Curtin School of Med. Research, ACT, Australia;
and Center for Disease Control, Fort Collins, CO, USA
Antibody 1s considered to be the maln mechanism of
protection from flaviviruses and since generation of
this response requires helper T cells vg have prepared
cloned lines of flavivirus-specific CD4 T cells.
These have been used to determine T cell recognition
sites on these viruses and also for studying T cell
cross-reactivity between members of this family. Our
cloned lines of Murray Valley encephalitis-specific
murine T cells recognize a linear sequence of the en-
velope protein and supply help for antibody production
following stimulation by other viruses of the West Nile
sub-group. However, this site does not strongly stim-
ulate polyclonal virus-immune cultures. These appear
to recognize, in addition, nucleocspsid and non-struc~
tural proteins some of which also stimulate weakly., It
has been necessary to prepare continuous lines of
virus-iomune T cells to determine the amino acid
sequences which are Llnvolved.

ANTIGENIC STRUCTURE OF THE COAT PROTEINS OF POTATO
VIRUS X {PVX) AND OF POTATO AUCUBA MOSAIC VIRUS
(PAMY)

Yu.l.Radavsky*, S.S. Viter*, I.P.Turova*, A.G.Dyben-

ko*, A.A.Gershkovich®, V.V.Shalin®, L.V.JAcvekulg®e,

M. J.Saarma**.

*Institute of Bioorganic Chemistry, Academy of

Sciences of the Ukrainian SSR, 2952660 Kiev, USSR

¢t Institute of Chemical Physics and Brophysics,

Academy of Sciences of the Estonian SSR, 200026

Tatlinn, USSR

PVX and PAMV coat proteins wvere cleaved by cyanogen
bromide and staphylococcal protease V B.Peptides wvere
isolated by means of gel-filtration, ion-exchange chro-
matography and HPLC. Some of the peptides vere purified
to homogenity and their amino acid sequence was estab-
lished.

With monoclonal antibodies (Mabs) to PVX using in-
direct ELISA, europium time-resolved fluorcimmunoassay
and electro-blot immunocassay we located one or two over-
lapping antigenic determinants at the N-rterminal region
of the coat protein. Lysine at position 19 Of the virus
coat protein is required for the interaction with two
of the Mabs. Synthesis of peptides, as s probable epi-
topes, was carried out by solid-phase method, bases on
Fmoc- and Boc-approaches. The synthetic peptides vere
conjugated to BSA in varying molar ratfos by nev cross-
linker obtained in our laboratories and the immunologi-
cal reactivity of the conjugstes compared.

Habs to PAMV vere raised and used to study the anti-
genic structure of PAMYV coat protein, as vell as the jm-
munological cross-reactivity with PVX and its protein.
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MOLECULAR _GENETICS OF THE MHV RECEPTOR
Richard K. €11{iama* D Stuart W. Sayder, Mark P. Prana,
John Hay, Carl W. Dieffenbach, and Kathryn V. Holmeos. The
Uniformed Services University of the Realth Sciences,
Bethesda, MD 20814-4799.

The cellular receptop for mouse hepatitis virus (MHV.
A59) 13 a 100-110K glycoprotein found on liver and intes-
tinal plasms membranes. Removal of carbohydrate zrouns
from the protein with endoglycosidase F does not destroy
virus binding activity which suggests that the E2 viral
envelope glycoprotein recognizes the protein core of the
receptor. The receptor has been purified from detergent-
solubilized mouse liver membranes by affinity chromo-
tography using aonoclonal anti-receptor antibody. The
firast 15 amino acids from the N-terminus were deternined
by microsequencing. An antibody was generated in rabbits
against a synthetic peptide with this sequence. The anti.
peptide antibody recognized the affinity purified recept-
or from liver and intestinal brush border membranes from
susceptible mice. The antibody also recognized an inrea-
tinal brush border protein from resistaot SJL/J mice.

The SJL/J protein was 5-10K shorter than the MHV receptor
protein of BALB/c mice, and did not bind either the virus
or the virus blocking monoclonal antibody. SJIL/J wice
wmay be resistant to MHV due to a mutation in the receptor
glycoprotein resulting inamolecule that does not bind
MHV.

A 35-mer oligonucleotide deduced from the amino acid
sequence of the amino terminus of the receptor was syn~
thesized and used to probe lambda gtll cDNA libraries
made from cells expressing the receptor. Fourteen in-
dependent ¢cDNA clones have been 1solated. Cloning of the
MHV receptor cDNA will allow direct comparison if the re-
ceptor protein and the virus non-binding varfant of the
SJL/J wmouse.

‘NTERTYPIC POLIOVIRUS CHIMAERAS

Karen k Burke , Kersi Katrak® gorng Ferguscnx, Philip
D Minor™, and Jeffrey W Almond . Department of Micro-
Eiclogy, University of Reading, Reading, RG1 5AQ, UK,
NIBSC, Potters Bar, South Mimms, Herts, EN6 3QG, UK.

The antigenicity” and structure” of poliovirus have

been studied, allowing the location of the three major
antigenic sites involved in neutralization on the x-ray
crystallographic model of the virus. Based on this
information, intertypic poliovirus chimaeras, involving
all three neutralizing sites, have been constructed via
oligonucleotide~directed mutagenesis of infectious
Sabin type 1 and 3 poliovirus cDNAs. Characterization
of such antigen chimaeras has been carried out using
monoclonal and polyclonal antisera in neutralization
and single radial immunodiffusion antigen blocking
tests. In addition reactivity, of antisera raised
ageinst the chimaeras in mice, rabbita and guinea pigs
has been studied. The chimaeras are also being used to
examine the immune response of animals and man to
different antigenic sites. The information gained from
the characterization of intertypic chimseras leads to

a further detailed understanding of poliovirus antigen-
icity and immunogenicity.

1. Minor et al., 1986. Journal of Genersl Virology 67:

1283-~1292.
2. Hogle et al., 1985. Science 229: 1358-1365.
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SYNTHESIS AND IMMUNOREACTIVITY OF DENGUE 2 VIRUS
(FLAVIVIRUS) MODIFIED ENVELOPE PROTEIN E USING
RECOMBINANT BACULOVIRUSES.

V. Deubel* and M. Bordier. Laboratoire des Arbovirus, Institut
Pasteur, 75724 Paris Cedex 15, France.

We examined the expression of the dengue (DEN) 2

virus-specitied envelope protein in Spodoptera frugiperda SF9
cells by recombinant baculovirus vectors. A cONA copy of the
DEN 2 virus region encoding the virion structural proteins was
inserted into the baculovirus DNA using the pAcYM1 shuttle
vactor (gift from Pr D.H.L. Bishop, Oxford). The protein E was
produced in a size and antigenicity similar to the corresponding
polypeptide from DEN 2 virus-infected Aedes albopictus C6/36
cells.
Deletions of respectively 25 and 71 amino acids in the
C-terminal end of the protein E produced truncated forms which
were secreted in the extracellular medium. Deletions in the
C-terminus apparently did not modity the correct presentation of
the important epitopes as determined by immunofluorescence
and Waestern blotting using polyclonal and monoclonal
antibodies (gift from Drs J.J. Schlesinger and M.K. Gentry).
Results of immunization in rabbits and mice with the engineered
protein E will be presented.

EPITOPE ANALYSIS OF ANTIGENIC DOMAINS OF DENGUE 2
VIRUS (FLAVIVIRUS) ENVELOPE PROTEIN E EXPRESSED IN
E. COLI.

F. Mégret, J.-P. Hugnot, J.J. Schiesinger, M.K. Gentry and V.
Deubel*. Laboratoire des Arbovirus, Institut Pasteur, 75724 Paris
Cedex 15, France.

Several fragments of the dengue (DEN) 2 virus envelope
protein E were expressed in Escherichia coli as fusion proteins.
The hybrid proteins were synthetized in large amounts by E. coli
under the control of promoter trpE. The hybrids between trpE
and the envelope protein were purified from soluble {(amino
acids N°59 to 97 in the DEN 2 protein E) or insoluble (amino
acids N°59 to 422, 22 to 205, 259 to 422 in the DEN 2 protein E)
tractions of transformed E. coli.

The immunoreactivity of the hybrids was examined by Western
blotting. Two domains contained epitopes reacting with
monoclonal antibodies (MAbs) of group, complex and/or type
specilicity.

Most of the reacting MAbs, and in particular the DEN 2-specific
neutralizing MAb 3H5, recognized the domain including amino
acids N°259 to 422 in the protein E . The reactivity of all these
MAbs was destroyed when this domain was split in two parts
expressed independently (amino acids N°259 to 353 and 366 to
422), suggesting the presence of conformational epitopes. The
missing peptide (N°354 to 365) contains two proline residues
that might also be important for the secondary structure and
therefore for the immunoreactivity of the domain.

The immunological response in rabbits and in mice immunized
with these tusion proteins will be presented.
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DENGUE VIRUS-SPECIFIC HUMAN CYTOTOXIC T LYHPHOC!TES(CTL)
Ichiro Kuranetl, Jack F.Bukowski, Ching-juh Lai’, Margo
Brinton3, Michael Bray?, Barry Falgout?, Bangti Zhao?,
and Francia A. Ennisl. 1.Univ. of Massachusetts Medical
Cer., Worcester, MA.USA. 2,NIAID, NIH, Bethesda, MD.
USA. 3.%eorgia State Univ., Atlanta, GA., USA.

We have begun tu analyze human T ceil responses to
dengue viruses. W: established twelve CTL clones from
the lymphocytes of a donor who had been infected with
dengue 3 virus. These clones have a CD3* D4t CD8* phe-
notype. They lyse dengue antigen-pulsed and dengue vi-
rus infected autologous lymphoblastoid line (LBL) in an
HLA class II-restricted fashion. One of the clones ly-
ses target cells expressing dengue 4 NS1, 2a, 2b, 3, 4a
and 4b, but does not lyse target cells expressing E,
Pre M,C,NSl and 2a or cells expressing NSI and 2a. This
result suggests that this clone recognizes an epitope
on a non-structural protein other than NS1, NS2a, and
NS5. Purified dengue 3 NS3, but not NSl or NS5, induces
a high level of proliferation, A short-term T cell line
stimulated wicth NS3 has a CD3%, CD4+,CD8™ phenotype
and lyses dengue 2 virus-infected LBL. This result sug-
gests that an epitope on NS3 is recognized by CD4t T
lymphocytes. We have also detected serotype cross-reac-
tive dengue-specific, HLA class I-restricted, CD4~ CD8*
CTL in bulk culture. These CTL lyse autologous fibro-
blasts infected with a vaccinia construct which con-
tains NS1, 2a, 2b, 3, 4a and 4b, and lyse target cells
expressing E and those expressing E, Pre M,C,NS] and 2a
to a lower level. Target cells expressing NSl and 2a
are not lysed. These results suggest that dengue-speci-
fic, HLA class I-restricted CTL recognize mainly non-
structural proteins other than NSl and 2a, and also
recognize E to a lower level. CD8% cross-reactive CTL
clones have also been established.

IDENTIFICATION OF CONTINUOUS EPITOPES OF THE ENVELOPE
GLYCOPROTEIN OF DENGUE TYPE 2 VIRUS
BL Innis*, V Thirawuth, C Remachudha. Department of
Virology, Armed Forces Research Institute of Medical
Sciences, Bangkok, Thailand

Four huadred niuely uexspeptides homologous to the
amino acid sequence of the dengue 2 envelope glyco-
Protein were reacted with antisera from seven patients
with primary dengue 2 infections to identify the con-
tinuous epitopes recognized by human IgG. There were
124 peptides {n twenty five clusters (domains) that
bound two or more antisera. Twenty two peptides in
seven domatns bound all seven convalescent dengue 2
antisera tested and thus appeared to represent immuno-
dominant epitpes. The evidence that these domains
represent continuous epitopes of the envelope glyco-
protein is: (1) peptides representing each domain bound
multiple sera, (2) peptide reactivity was highly or-
dered along the amino acid sequence and (3) in almost
all cases, domains were regions of predicted hydrophi-
licity. Heterologous flavivirus antisera also exhi-
bited binding to the majority of peptides reactive with
anti-dengue 2 sera though four candidate dengue 2
specific epitopes were identified along with an immuno-
dominant epitpe common to d gue, Jap phalicis
and West Nile viruses. Synthetic peptides representing
these epitopes may prove to be useful for a variety of
purposes.

P 107

P 108

EFFECTIVE EXPRESSION OF ANTIGENICALLY ACTIVE STRUCTURAL
AND NONSTRUCTURAL PROTEINS OF JAPANESE ENCEPHALITIS
VIRUS
Yasui,K* Miyamoto,M. Ogimoto,M. Kimura-Kuroda,J.
Kanayama,M. Matsuura,Y. Yasuda,A. Sato,T. Kojima,A.
Department of Microbiology, Tokyo Metropolitan Institute
for Neurosciences, National Institute of Health, Japan,
Biological Research Institute of Nippon Zeon.
Recombinant Baculoviruses and Vaccinia viruses
containing the coding sequences of the structural and/or
nonstructural proteins of Japanese encephalitis virus
were constructed. The antigenic properties of the
expressed proteins by the recombinants were evaluated
using a panel of monocional antibodies against the €
protein of JE virus and polyclonal antibodies and the
molecular size of the proteins were analysed by Western
blotting. All the epitopes detected by a panel of
monoclonal antibodies were demonstrated on the £ protein
expressed by the recombinants which had the coding
sequence of preM and NS1 to add to E. The E protein was
glycosilated and same in size to the authentic E and
transferred to the surface of the recombinant infected
cells. However, the E proteins expressed by the
recombinants which had nc preM sequence or truncated £
sequence showed no reactivity with the monoclonal
antibodies and were not demonstrated on the cell surface.
The NS1, andother membrane proteins, expressed by the
recombinants constructed with NS and a part of £ and
ns2a sequence were also transferred to the cell surface,
The mice inoculated with the £ protein produced by the
recombinant Baculovirus or infec.ed with the recombinant
Vaccinia virus which expressed it on the cell surface
developed neutralizing antibodies and protective
activity against JE virus encephalitis.

IDENTIFICATION OF A NEUTRALIZING EPITOPE OF ENVELOPE
GLYCOPROTEIN (L) OF DENGUE VIRUS TYPE 2.

Thaweesak Trirawatanapong and Radha Padmanabhan.* Depct.
of Biochem. & Mol. Biol., Unlv. of Kai-as Med. Center,
Kansas City, Kansas 66103, U.S.A.

The dengue virus genome {s a positive-stranded RNA
which encodes a polyprotetn of 3391 aminoc acids in
length which is then processed into three structural
proteins: capsid (C), membrane (M) and envelope glyco~
protein (E) and at least seven non-structural proteins.
Many monoclonal antibodies (MAb) which exhibit flavi-
virus group-specificity, as well as dengue virus type-
specificity have been previously characterized in other
laboratories, some of which can neutralfze the infec-
tivity of dengue virus. One neutralizing dengue type
2-specific monoclunal antibody 3HS reacts with E glyco-
protein which 1s expressed on the surface of the virus.
Here, we describe a novel approach for mapping the
epitope recognized by 3H5 MAb. First, E protein was
expressed in Escherichia coli using an inducible pro-
moter APp. The immunoreactivity of this 3HS5 MAb was
localized within 180 amino acid coding region in the
C~terminal half of the protein using a series of in-
frame deletion constructs expresaing truncated E poly-
peptides. Second, in order to map the epitope more
precisely, a series of well-defined deletions within
this region were made using polymerase chain reaction
and synthetic oligodeoxynucleotides. By testing each
deletion construct for expression in E. coli and its
reactivity with 3H5 antibody, its epitope was deter-
mined to be within a reglon of 12 amino acids in length.
A synthetic peptide consisting of this epitope was
shown to react specifically with 3H5 MAb by ELISA.
Production of antisera specific to this peptide is in
progress.
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MOLECULAR BASIS OF VIRAL ANTIGENS: LINKAGE OF SEQUEN-
TIAL AND CONFORMATIONAL NEUTRALIZATION EPITOPES OF
POLIOVIRUS, TYPE !.

Klaus Wiegers* and Rudolf Dernick
Heinrich-Pette-Institut fiir Experimentelle Virologie
_ad Ioc.aclogle an der Udivedss.ue .o@burg, Mariini-
strasse 52, 2000 Hamburg 20, F.R.G.

Monoclonal antibodies (mAbs) against sequential
neutralization epitopes were obtained by a combined
in vivo/in vitro iwmmunization protocol. The antibo-
dies recognized VP! or VP2 in an immunocblot and could
be competed by synthetic peptides representing resi-
dues 93-104 of VP! or 164-170 of VP2, respectively.
The epitopes involved at least residues 97-101 of VP1
or residues 165-167 of VP2 as defined by amino acid
substitutions of resistant mutants. Cross—neutraliza-
tion tests of the mutants with mAbs against confor-
mational epitopes revealed a linkage between these
sequential and conformational epitopes. Insight into
the structure of the conformational epitopes was ob-
tained by wutants, where a point wmutation resulted in
a substitution in a neighbouring loop of the sequen-
tial epitope. Thus, the conformational epitope of VP1
is formed by residues within loop 93-104 and 141-152
at the 5-fold axis of the virion. The conformational
epitope of VP2 resides within a double loop struc—
ture, formed by residues 127-185 near the 2-fold axis
of the virus particle. This combination of antibodies
offers valuable tools for the study of virus neutra-
lization or of structural changes during virus morpho-
genesis and virus-cell interactions.

HETEROGENEITY IN THE HUMORAL IMMUNE RESPONSE TO NS1
DIMER AND NS1 MONOMER IN PATIENTS WITH DENGUE INFECTION.
*Cardosa, M.J., Tio, P.H., Noor Sham, S. &

Nimmannitya, S%

School of Medical Sciences, Univer<iti Sains Malaysia,
Minden, Penang, Malaysia &ll.nﬂdren‘s hoapital,
Bangkok, Thailard.

Sera obtained from serial bleeds of patieats (from
Thailand and Malassia) with denque fever or dengue
haemorrhagic fever were analysed by Western blotting
for reactivity to the monomeric and dimeric forms of
NSt glycoprotein of dengue virus. Infected and
uninfected cell lysates (C6/36 and PS Clone D) were
compared, and the virus used was the dengue type 2
strain 16681.

We have evidence that the major response to virus
infected cells in humans naturally infected with
dengue virus, is to the NS! dimer, The antibody
response to NS1 monomer is a relatively late response,
and in a number of patients we have not been able to
detect antibody to NSt monomer, even in convalescence,
although these patients have a strong response to the
dimeric form of NS1 from early in the course of the
illness.

The subclasses of 1gG responsible for the NSt
dimer/monomer specificities have been investigated,
and we have evidence that IgG3 may be primarily directed
at the NS1 monomer,

These data are compazred with data from immune but
well donors, and their relevance to pathogenesis of
dengue haemorrhagic fever is discussed.
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THE ANTIGENIC STRUCTURE OF POLIQVIRUS TYPE 2 :
SEROTYPE CROSS-REACTIVE MONOCLONAL ANTIBODIES
IDENTIFY A NeW SITE
N Cammack®, V Patel, M Ferguson and P D Minor
NIBSC, South Mimms, Potters Bar, EN6 30G. UK,
Previous studies have identified an antigenic
gite (site 1) cawmon to all three poliovirus
serotypes (VPl residues 89 to 100) and two further
camplex sites, Site 2 consists of residues 220-222
fram VPl (site 2a) and residues 164-172 fram vp2
(gite ), Site 3 includes residues 286-290 from
VPl (site 3a) with residues 58-60 and others of VPl
(site 3b), Neutralising monoclonal antibodies
(MCA) prepared against the Sabin and Lansing
strains were used to isolate and characterise
neutralisation - resistant mutants of Sabin type 2,
Twenty-six MCA selected mutants at the expected
frequencies which could be assigned to four
distinct groups of reactivity by cross-neutralisation
tests. FRNA sequencing of antigenic mutants in
group 1 revealed single base substitutions
corresponding to amino acid changes in site 1,
Group 2 antigenic mutants possessed amino acid
gubstitutions in site 2a, which was extended in
type 2 poliovirus by a mutation at residue 217 in
VPl. Similarly, group 3 mutants collected in site
2b, also extendad by a mutation at position 158 in
VP2, Mutants in group 4 were selected with five
MCA, three of which cross-react between serotypes 1
and 2 in neutralisation and antigen blocking
experiments, Nucleotide saquencing has located the
antigenic site identified both by group 4 mutants
and by mutants of Sabin type 1 selected with
cross-reactive MCA. Antigenic site 3 appeared to
be cammon only to serotypes 1 and 3,

ANALYSIS OF THE CELLULAR RECEPTORS FOR BOVINE
CORONAVIRUS
Beate Gelnar”, H.-J. Grof, H.-D. Klenk,
R.Brossmer and G. Herrler
Inst.f.virologie, Universitidt Marburg,
Marburg, F.K.uermany
Inst.f.BiochemieIIl. Universitdt Heidelberg,
Heidelberg, F.R.Germany

Bovine coronavirus (BCV) has been
reported recently to use the same kind of
receptors for attachment to erythrocytes as
influenza C virus. The evidence is based on
the finding that BCV contains the same
receptor-destroyiny enzyme (Vlasak et al.,
PNAS,85,4526-4529,1988) as influenza C virus
the enzyme of which has been identified as
sialate 9-0O-acetylesterase (Herrler et al.,
EMBC J.,4, 1503-1506,1985).

We have performed resialylation studies
with erythrocytes to analyze the receptors
for BCV. Only red blood cells containing N-
acetyl-9-0O-acetylneuraminic acid were found
to be agglutinated by BCV while cells
containing sialic acid whithout an acetyl
residue at position C-9 were resistant to
agglutination. Incubation of MDCK cells with
purified acetylesterase from either BCV or
influenza € virus rendered the cells
resistant to infection by BCV. This finding
indicates that O-acetyl residues are also
used by BCV as receptor determinants to
jnitiate an infection.
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RGD SYNTHETIC FPEPTIDES AFFECT FOOT AND MOUYTH DISEASE VIRUS ADSORP-
TION TO CELLS. Yechiel Beckers ang Barry Baxt#. Dept. Molecular
virology, Faculty of Medicine, Hetrew University, Jerusalem, lsrael,
and # Molecular Biology Laboratory, USDA, ARS, Plum Island Animal
Disease Center, Greenport, Ny 11934,

The major antigenic domain in the VP1 structural protein of foot
At e Peedne vilus WFOV) i seldtyres T (D Loelatec) Tt aen
C3 contains the amino acid sequence RGDL. Isolates of serotype A
contain attachment sequence in fibronectin receptor (E. Ruoslahti,
Ann.Rev.Blochem. $7:375, 1988'). To determine the role of the RGD
sequence of FMOV VP in the interaction of the virus with cellular
receptors, we examined the effect of synthetic peptides RGDS, RGOL
and a control peoptide RPDS on the binding of radiolabeled FMOV to
bovine kidney cells. The synthetic peptides were purified by HPLC
befo: use and incubated with cells for § hr prior to the agdition
of ridine-labeled FMDV type A12. The peptice RGDL at a concen-
tration of 200 pg/ml inhibited virus adsorption by 60-70 ¥ at the
same concentration. The control peptide RPDS inhinited virus absorp-
tioh by 25-30 X%. The inhibition was dose dependent, but less than
that achieved by the use of saturating amounts of unlabeled A)2
virus to compete with the binding of the labeled virus. These re-
sults are in agreement with a recent report on the role of RGDS se-
quence in FMDV {Acharya et ='., Nature 337:709, 1989). The RGDS and
RGDL peptides were able to inhibit the binging of a number aof cther
subtypes A, 0 or C s sting that the RGO sequerce is impartant for
adsorption of the virus to susceptivble cells. Since the FMIV sub-
type OIK contains RGFS in VP2 and RGPL in W3, the possibility that
FMD virions attach to more than one receptor molecule needs to be
explored. Computer analysis revealed tna presence of RG sequences in
thinovirus-2 and 14 VP1 (RCLF), poliovirus VP1 (RGAC) and hepatitis
A W1 (RGPL). It Is not yet known if these sequences are involved in
the attachment of these viruses to receptors.

Supported by a grant from the U.S.-Isreal Binational Agriculture
Research and Development Fund {(BARD).

THE UPTAKE OF SEMLIKI FOREST VIRUS (SFV):

ROLE OF THE CAPSID (C)-PROTEIN.
Omar*, A. and Koblet, H.: Inst. of Hygiene and
Med. Microbiol., Univ. of Berne, Switzerland.

SFV infects susceptible cells by the
endocytotic pathway (Helenius et al., J. Cell
Biol. 84, 404 (1980)). We had performed
hydrophobic interaction chromatography to
investigate the relevance of viral binding to
the fugion event occuring at low pH between the
viral and endosomal membranes. We found that:
1) the E. protein was responsible for binding;
2) the E. concomitantly underwent a
conformational change upon binding; and 3) low
pH treatment of bound virus led to a dramatic
increase in the hydrophobicity of the E,
protein, which may be of importance for the
fusion event. We have prepared viral particles,
which are devoid of Ea and Ea, and found that
these E.-viral particles are infectious. This
showed that E+ alone i8 necessary and
sufficient for infection. In addition, we found
that binding of the virus to the hydrophobic
column also triggered digestion of the C-
protein. We suggest that the conformational
change of the E. occurring upon binding
concomitantly transmits a signal across the
viral membrane leading to digestion of the C-
protein. This would: 1) yield greater freedom
for the spikes o move in the lateral plane of
the viral membrane and thus facilitate the
fusion event occurring in the endosomes; and 2)
initiate the unraveling and uncoating of the
nucleocapsid necessary for the release of the
viral genome after fusion.
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ANALYSIS OF FOOT-AND-MOUTH DISIASE VIRUS NEUTRALIZING
IDIOTYPES FROM IMMUNE BOVINE AND SWINE WITH ANTI-MURINE
I0IOTYPE PROBES.

A.E. Garmendia, M.V. Borca, D.0. Morgan, & B, Baxt*
USDA, ARS, Plum Island Anima) Disease Center, Greenport,
NY 11944, USA.

Rabbit anti-mouse anti-idiotypic antibodies (alds)
induced by foot-and-mouth disease virus (FMDV) neutre-
lizing monoclonal antibodies were used as probes to
identify anti-fMDV idiotypes in immune sera from bovine
and swine. In a competative radioimmuncassay, four of
the alds exhibited & dose derendent capacity to compete
with labeled virus for anti-FMDV antibodies from a con-
valescent bovine serum. Two of the alds that exhibited
the highest activity were immobilized on activated Seph-
arose. and used to isolate anti-FMDV antibodies from bo-
vine, swine, and murine FMOV immune sera. Both the bo-
vine and swine antibodies recovered from the ald-Sepha-
rose columns reacted with virus, and to a lesser extent
with corresponding monoclonal antibody resistant viral
variants, The binding of the bovine and swine a-FMDV
antibodies to virus was specifically inhibited by the
homologous ald, and in addition, bovine and swine idio-
types were capable of neutralizing MOV in both suckling
mouse protection and plague reduction neutralization
assays. Therefore, by means of ald probes generated
against FMDV mu~ine idiotypes, two neutralizing idio~
types were identified in bovine and swine. These re-
sults suggest that FMDV neutralizing epitopes recognized
by murine systems can play a role in the overall immunity
of FMOV susceptible animals.

THE CYTOTOXIC T CELL RESPONSE TC FLAVIVIRUS
Ann B. Hill*, A. Millbacher, R.V. Blanden, E.G.
Westaway, G. Coia and C.R. Parrish.

Cell Biology, JCSMR, ANU, Canberra, Australia.

T cell responses to flavivirus infection may be
important as an essential component of a protective
immune response; alternatively, they may play a role in
immunopathogenic disease such as OHF/DHSS. MMC Class I
restricted T cells are thought to recognize epitopes
censisting of a peptide derived by processing of
endogenously synthesized viral protein which is bound to
a groove in the MHC class I molecule; the peptide/MHC
combination 1s expressed on the cell surface. We have
generated from 5 mouse strains MHC Class I restricted
cytotoxic T cells against the flavivirus Kunjin, and
used them to attack a panel of target cells infected
with one out of eight recombinant vaccinia viruses,
which between them contain cDNA of the entire Kunjain
genome, We have found that: 1. Most Kunjin immune
cytotoxic T cell responses are directed against epitopes
derived from non-structural, cytosolic viral proteins.
In most mouse strains, epitopes derived from structural
proteins are recognized weakly «¢ not at all. Epitopes
from NSl are not recognized. 2. The strongest
epitope(s) are derived from a region of 100 amino acids
surrounding the NS3/NSd4a cleavage site. 3. Other
epitopes recognized by at least one mouse strain include
one derived from NS5 or the carboxyl-terminal of NS4B
(with H=2"); one derived from NS4A/NS4B (with H~2 L; and
a second epitope in NSJ remote from NS4A (with H-27).

4. The influence of MHC on Kunjin epitopes recognized 18
profound: no one Kunjin sequence is recognized by all
mouse strains. For any given Kunjin epitope, most MHC
alleles are non-responders: even the "immunodominant®
site around NS3I/NS4a is recognized with only 3 of the 8
MHC alleles we have been able to test.
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CHIMARRIC VIRUSES IDENTIFY NEUTRALISING ANTIBODIES
TO POLIOVIRUS ANTIGENIC SITES IN _HUMAN AND ANDJ?L SERA
D J Woodl*, K BurkeZ, M Ferguson! and P D Minorl,
NTBSC, Potters Rarl, and Univeraity of weading2 v,

Four distinct antigenic sites have been defined on
poliovirus types 1 and 3 which differ in their immuno-
genicity in mice. This study reports a direct
approach to analysis of the neutralising antibody
response of humans and other animals to type 3
antigenic sites by using antigenic chimaeras, The
chimaeras tested had antigenic site 1 (vPl 89-100) of
Sabin T replaced with antigenic site 1 of type 3
strains, Standard neutralisation tests were perfommed
with panels of sera with neutralising activity against
type 3 but not type 1 virus, Between 25 and 508 of
human sera fram individuals infected with live virus
(wild type or vaccine) neutralised the chimaeras

ing on the precise sequence inserted. This

shows that antigenic site 1 is an important site for
neutralisation of poliovirus type 3 in at least some
individuals. Similar evidence was found in rabbits,
guinea-pigs, monkeys and mice immunized with live
virus. In animals ability to neutralise correlated
with strain of immunizing virus, For example sera
fram guinea-pigs and monkeys immunized with antigenic
variants of type 3 did not neutralise the chimaeras.
Sera which fail to neutralise site 1 chimaeras may
have antibody directed predaminantly against other
antigenic sites, Chimaeric viruses will pe ideal
tools to investigate this possibility.

ANTIGENIC AND FUNCTIONAL ANALYSIS OF THE FLAVIVIRUS E-
GLYCOPROTEIN USING SYNTHETIC PEPTIDES.

J.T. Roehrig, A.R. Hunt and A.J., Johnson. DVBVD,
CIn_ ADC, NETTS, DHHS, T.0. BRox 2087, Fort Collins, CO,
80522, U.S.A.

We have used computer analysis to derive synthetic
peptides from the deduced amino acid sequences of the
E-glycoproteins of Murray Valley encephalitis (MVE)
and dengue 2 (D2) viruses., Peptide immunogenicity
appeared to depend on inclusion of a putative helper T-
cell evitope as predicted by the Rothbard motif. Three
immunogenic regions were identified on both viruses:

1) amino acids 35 to 170, 2) 225 to 275, and 3) 300 to
370. Peptides from all three of these regions elicited
antiv’ral antibody and were readily detected by human
infection immune sera., A pept.ide from amino acids 35
to 50 elicited virus neutralizing antibody.
Non-linear, "structural" peptides which included a
sequence conserved by all flavivirus~s (awino acids 98
to [11) elicited antibody which recognized pH 5
denatured virions better than native virions. This
result implicates this conserved region in flavivirus
mediated cell fusion. An important helper T-cell
epitope was identified in domain 2. Domain 3
corresponded to a reglon previously defined by lambda
expression of glycoprotein fragments. A functional
helper T-cell epitope was also defined in this region,
Competitive binding assays define significant overlap
of all three of these defined domains in the native
giycoproteln,
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IMMUNOCYTOCHEMICAL STUDIES ON POLIOVIRUS RECEPTORS; ITS
TOPOGRAPHY, DISARRAY, AND REMOVAL BY MONOCLONAL ANTI-
BODIES AND SECOND LIGANDS.

K.Mannweiler ,W.Bohn, P.Nobis™, H.Hohenberg and G.Rutter.
*Heinrich-Pette-Inst.f.exp.Virologie u.lmmunologie a.d.
Univ.Hamburg, D 2000 Hamburg 20 and "Abt,Molekular Biol,
Univ., F.R,G.

The cellular receptor for poliovirus shows a cluster-
1ike distribution at the cell surface, as demonstrated
with immunocytochemical methods in electron-,light- and
laser-scanning microscopy using replica-immunogold- and
fluorescence probes.The cluster-like distribution is
no longer visible after incubation of unfixed, native
HeLa- or Vero-cells with the monoclonal antibodies D170
or D710 preventing poliovirus infection (Nobis et al.,
J, gen. Virol. 1985, 66, 2563). The antibody-receotor
complexes are not intérnalized by the cells, and no
ultrastructural alterations are detectable within the
receptor areas, neither in ultrathin sections nor in
freeze-fracture preparations, The complexes can still
move in the olane of the plasma membrane, Up to 24
hours they can be reaggregated by a second 1igand; lea-
ding to the formation of large positively labelled
immunocomplexes (Mannweiler et al., Inst, Phys, Conf.
Ser. No, 93, 311, 1989). These 1§ omplexes condense
in the perfnuclear area and are removed from the cell
surface either by extrusion or by internalisation via
non-coated endocytic vesicles into membrane-bound
compartments of the cell.

Supported by Gemeinniitzige llertie-Stiftung,
Frankfurt/Main,

A Monoclonal Antibody Defined Epitope Map of Expressed
Rubella Virus Protein Damains

Wolinsky, J.S.*, Allen-Cannady, O., Simmons, D.

The University of Texas Health Science Center at Houston
P.O.B. 20708, Houston, TX 77225

An expanded library of murine monoclonal antibodies
(mAbs) was generated by infecting Balb/C mice (Virology
143:153,85) and selecting secreted hybrids by ELISA
using purified virion targets. A panel of cINA clones
encoding the structural proteins of rubella virus (RV)
was provided by Dr. T. Frey (Gene 62:85,88). Plasmids
containing specified RV cDNA fragments were constructed
using a variety of strategies into the pGE374 expression
vector. RecA-RV-LacZ trihybrid proteins over-expressed
in E. coli were then probed with selected mAbs by ELISA
and inmunoblot approaches. Current data localize mAb
defined epitopes within the following damains: MAbs Cl,
C2, C8 bind epitopes within the predicted amino termina}
29 amino acids of the capsid region C;~Cpg; mAbs E2~1
through E2-6 bind to the E2 glycoproteinbackbone region
E2)-E2))5; mAbs E1-18 and E1-20 bind to the El
glycoprotein region Elygz-Elp73. All of these mAbs
appear t0 react with "linear™ epitopes. MAb El1-18
neutralizes RV infectivity, mAb E1-20 neutralizes
infectivity and blocks hemagglutination. A synthetic
peptide (SP2) representing Cj4-Czg induced polyvalent
antibody reactive to SPZ, the appropriate expressed
trihybrid protein and RV in ELISA. These and other
plasmid constructions and SP will be presented with s
strategy useful in deducing the nolecular organization
of antigen sites of this human pathogen.

P~




P 121

P 122

MOLECULAR ANALYSIS OF THE ANTIGENIC
STRUCTURE OF FOOT-AND~-MOUTH DISEASE VIRUS
(FMDV)

E. Pfaff+, H. MUller, B. Haas und

H.-J. Thiel

Federal Research Centre for Virus Diseases
of Animals, 7400 TUbinger, P.O. Box 1149,
Federal Republic of Germany

The knowledge of the FMDV antigenic
structure is necessary for the development
of recombinant and synthetic vaccines
against viral infections. For this
purpose neutralizing monoclonal anti-
bodies(Mabs) were prepared against FMDV
strain O, Kaufbeuren and synthetic
peptides .Mrhe monoclonal antibodies were
characterized by various immunological
methods including Elisa, Western Blot and
plaque reduction assays and could be
divided in six different groups. The
antibody binding sites were localized by
competition experiments and amino acid
sequence comparisonof ninedifferent FMDV
strains tested in a plaque reduction
assay.

InadditionMab resistant mutants were
selected and the protein sequence of their
complete Pl-coat protein region were
determined by c-DNA sequencing. Regarding
these results wehave identified at least
6 different epitopes involved invirus
neutralisation. Two of them are
conformation dependent the others
represent sequential epitopes.

LOCATION OF NEUTRALIZATION DETERMINANTS
IN THE E PROTEIN OF MURRAY VALLEY
ENCEPHALITIS VIRUS. R.C. Weir*, Eva Lee, Suzanne
Hartley, J.T. Roehrig and L. Dalgamo. Biochemistry
Dept.. Faculty of Science, The Australian Natl. University,
Canberra, Australia.

The locations of antigenic determinants involved in
the neutralization of the flavivirus, Murray Valley
encephalitis virus, have been defined in terms of their
positions in the amino acid sequence of the E protein, Two
approaches were used. Firstly, monoclonal antibodies
(mAbs) specific for the E -1c epitope were used to select
neutralization resi variants. Nucleotide sequencing of
the envelope protein genes (E and M) of the variants showed
that in cach variant there was a single nucleotide change in
the E gene indicative of a non-conservative amino acid
substitution in the E protein at position 126 or 128.
Secondly, expression of scgments of the E protein as b-
galactosidase fusion proteins in E, ¢oli has allowed the
location of the binding site for another epitope specific mAb
(E-8) to the amino acid sequence 200-223. These results are
in accord with the molecular model proposed for the
antigenic structure of the flavivirus E protein (C.W, Mandl gt
al. J. Virol. 63: 546-571, 1989).
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1SOLATION OF DENGUE VIRUS (DEN) TYPES 2 AND 3 FROM
LEUKOCYTES OF PATIENTS HOSPITALIZED WITH DEN INFECTION.
BL Innis, A Nisalak*, S Nimmannitya. Dept of Virology,
AFRIMS and Children's Hospital, Bangkok, Thailand.

Over 5 months in 1988, we isolated DEN (2 DEN-1,
13 DEN-2, 13 DEN-3) from 28/75 children with confirmed
infection whose plasma or washed peripheral blood mono-
nuclear leukocytes (PBLs) were separately cultured in
Toxorhynchites mosquitoes. DEN was recovered from both
plasma and PBLs in 20 cases, from PBLs alone in 6 cases
and from plasma alone in 2 cases. Virus isolation from
PBLs appeared to be equally frequent in primary com-
pared to secondary infections (3/8 vs 23/67), despite
the failure to recover any DEN-2 viruses from primary
cases, and in dengue fever compared to hemorrhagic fever
(DHF) (5/13 vs 21/61), even when cases were stratefied
by the presence or absence of anti-DEN IgM. 13/25
cases with no anti-DEN IgM in the isolation specimen
had positive PBL cultures. 5/6 cases where DEN was
isolated from PBLs alone had detectable IgM (i.e. the
specimen was obtalned relatively late in the infectfon).
Ceometric mean minimum {nfection rates (MIR) of PBLs
were higher in cases bled early (IgM negative) vs late
(IgM positive (p=0.043). MIRa appeared to be higher for
primary infections compared to secondary infections.
Differences beitween MIRs of DEN-2 and DEN-3 infections
were not observed. Early in infection, many DEN
patients have virus replicating in PBLs. Enhanced
replication may not occur among those with symptomatic
secondary DEN-3 infections, nor among patients with
DEN-2 or DEN-3 DHF compared to those with dengue fever.
Target cells other than PBLs or host or virus factors
other than heterotypic antibody may be critical in the
pathogenesis of DHF.

THE SITES OF MULTIPLICATICN OF VIRULENT AND
DEMYELINATING SEMLIKI FOREST VIRUS IN THE MOUSE CENTRAL
NERVOUS SYSTEM , 2

Joan M.B. Smyth 1 Brian J. Sheahan™, and

?regcry J. Atkins

Department of Microbiology, Moyne Institute, Trinity
ollege, Dublin 2 and

Department of Veterinary Pathology, Faculty of
Veterinary Medicine, University College, Dublin 4,
Ireland,

The virulent L10 strain of Semlik:i Forest virus
causes a lethal encephalitis in the central nervous
system (QNS) of weanling mice following introperitoneal
infection, whereas the M9 mutant derived from 1t 1s
avirulent but induces CNS demyelination. In SJL, but
not BALB/c mice, M9 i1nduces persistent demyelination in
the absence of virus persistence. We have used in situ
hybridization with a riboprobe, and immunogold-silver
stalning with polyclonal rabbit anti1-SFV in the ONS of
both BALB/c and SJL mice. In both mouse strains at 3-5
days post infection, L10 infects both neurons and glial
cells, For M9, 1nfection of neurons 1s less intense,
but infection of glial cells triggers 1mmune-mediated
demyelination.
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INDUCTION OF NEURAL TUBE DEFECTS IN THE FOETAL MCUSE
FOLLOWING INFECTION OF THE MOTHER WITH THE TS 22

MUTANT OF SEMLIKI . VIRUS 1
Mohamed J.E.MZF. Mabruk™ , Gwsndoline M. Glasgcu3,
=y N, Flack®, Tean €. ©clan T:t= G. Bannigan”, 2

Joan M.B. Smyth , Aideen O'&Jllivan*, Brian J. Sheahan'
Gregory J. Atkins

Department of Microbiology, Moyne Institute, Trinity

ollege, Dublin 2

Department of Veterinary Pathology, Faculty of

geterxnary Medicine, University College, Dublin 4 and

Department of Anatomy, Faculty of Medicine, University

College, Earlsfort Terrace, Dublin 2, Ireland.

The A7 strain of Semlikl Forest virus (SFV) 1s
avirulent for adult mice when given intraperitoneally,
but 1s rapidly lethal for the developlng foetus follow-
1ng infection of the mother. The ts22 mutant derived
from A7 1s teratogenic for a proportion of foetuses
following infection of the mother at day 8 or 10 of
pregnancy. We have shown uslng in situ hybridization
with nuclerc acid probes, and by lmmuno-gold silver
staining with ant1-SFV antiserus that skeletal and
skin defects are i1nduced by infection of mesenchymal
cells of the developing dermis and surrounding cartil-
agenous plate. In contrast to other tissues, the
central nervous system was poorly stained by ISSS and
in situ hybridization. Open neural tube defects were
Induced tndirectly by 1nfection of mesenchymal cells
adjacent tu the developing neurai tube, rather than by
direct infection of neuroepithelial cells.

PERSISTENT ENTEROVIRUS INFECTION OF MUSCLE 1S ASSOCIATED
WITH A DEFECT IN VIRUS GENOME REPLICATION.

LC Archard*, NE Bowles, CA Freeke & L (unningham,
Biochemistry Dept, Charing Cross & Westminster Medical
School, Fulham Palace Road, London, W6 B8R, U.K

Despite the failure to detect infectious virus or
virus-specific antigens in clinical samples, persistent
enterovirus infection has been implicated in chronic
diseases. This has arisen principally from molecular
hybridisation studies using an enterovirus-specific cDNA
probe, and more recently, cRNA probes, which have re-
vealed the presence of viral RNA in the affected tissue
of a significant proportion of patients with chronic
diseases of heart and skeletal muscle.

During productive infections of cells cultured in
vitro, virus replication involves the assy.ctric syn-
thesis of a preponderance of positive strand RNA, via
production of negative strand RNA and replication
intermediates.

We have shown, by the use of '’P-labelled riboprobes
i slot blot hybradizations, that n Coxsackie BZ virus
infected cell monolayers, positive strand RNA 3s pres-
enl 1 greater than 50-fold excess over the negative
strand. By Northern blot analysis, this negative strand
RNA 15 present only as a species approx 15 kb 1n size,
probably formed by a hairpin loop to a molecule of the
positive strand RNA, However, the majority of the posi-
tive strand RNA vo precent a5 2 7.4 kb specries.

In contrast, tissue samples from patients with
chronic muscle diseases due to enterovirus persistence
contasn approx equimolar amounts of the positive and
regative strands of virys RNA,

These data suggest that a defect in enterovirus
replication is involved in the establishment of per-
sistent nfection In vivo.
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ATTENUATION, QF FLAVIVIRUSES BY PASSAGE IN Hela CELLS
L.M.Dungter*”, J.R.Stephenson”, P.D. Minor~, and A.D.T.
arrett

Department of yicrobiolosy‘ University of Surrey,
Guildford U.K. PHLS CAMR rocton Down, 3alisbury U.K.
and “Div.Virol NIBSC, Potters Bar, J.K.

Several workers have shown that six passages of the
wild type yellow fever virus (7r) strain asibi in Hela
cells, results in the generatiot. of z vizus which fails
to cause viscerotropit diseasz in monkeys.

We have examined Lhe effect of six Hela cell
passages on other members of the Flaviviridae. Both
mosquito and tick-borme viruses were passaged in Hela
cells and their pathogenicities determined in outbred
mice. Three isolates of the mosquito borme West Nile
virus (WN) were attenuated following six Hela cell
passages. WN strain Sarawak was attenuated 4,000 fold
for mice whereas WN strains Egypt 101 and Smithburn
viruses were totally avirulent for mice and had in
addition lost the ability to infect monkey kidney
cells. Hela passaged WN-Sarawek differed biologically
from the parent virus by monoclonal antibody studies
and also the presence of a temperature sensitivity
marker. Attenuation of WN-Sarawak in Hela cells was
shown to specifically involve the envelope protein
gene. In contrast to the above, the two tick-borne
isolates remained fully virulent for mice following
Hela cell passage. The results show that Hela cell
attenuation is not limited tc YF strain Asibi, but may
however be sgpecific for mosquito borne viruses
following six passages. Attenuation of WN virus is
correlated with biological alterations in the virus.
We propose the use of Hela cell attenuation in the
study of determinants involved in the attepuation of
Flaviviruses.

RETRUSPECTIVE SEROLOGICAL CUNTROL OF PERSDNS
PREVIOUSLY VACCINATED AGAINST TICK-BORNE
ENCEPHALITIS
Ferenczi, EmOke, Dept.Virol.Natl.Inst.Hygiene,
Budapest, Hungary

Killed Tick-Borne Encephalitis vaccine
FSME~-Immun prepared by the firm “IMMUND" in
Austria has been used in Hungary since 1977.
The seroconversion rate was found to be about
0.75 according to a preceeding field trial
between 1977 and 1979 (Molndr,E.,
Erdbs,L.,fFornosi,F., in:Tick-Borne Encephalitis
/Ed. Kunz,Ch./ Baden, Vienna, 1979). No TBE
cases has been observed till now among people
vaccinated during that period. In contrast to
this 14 serologically verified scute TBE cases
have been recognized amang persens who had been
vaccinated with the complete three doses of a
further purified vaccine between 1979 and 1983.

iue oresence of specific TBE antibodies was
tested in 1987-88 on 529 serum samples from
persons who had received three doses of vaccine
between 1977 and 1785. Only 0.58 part of
persans vaccinated betwcen 1977 and 1979
remained seropositive. However, the rate of
seropositivity was as low as 0.25 among people
vaccinated between 1980 and 1983. The overall
seropositivity rate was 0.33 in the total
group, while in a group of 60 individuals with
comparable vaccination history a seropositivity
rate ot 0.72 was measured several years after a
fourth dose of the vaccine. These results
indicate the necessity of both the revaccinaton
9nd the control of postvaccination
immuneresponses.
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DENGUE VIRAL ANTIGEN(S), ANTIBCDIES AGAINST DENGUE POLYPEPTIDES,
AND CMPLEMENT C3 IN SERA OF PRIMARY DENGUE INFECTICN.

'S .am\lbomd\arr.', N. chamarapravati and S. Sirlnavin,
Faculty of Science, Mahidol University, Bangkok 10400, Thafland.

The firdings in sera collected from dengue hemorrnagic
fever (DHF) patients during admission, before any treatment had
been given, can be summarized ag follows:

1. C3 depletion accampanying by the presence of C3 split
products correlated with severity of 1ilness.

2. Viruses can be isolated fram 9 out of 29 primary dengue
infected patients (3L.0%). 7 of them were identified as dengue
type 3 virus, and the other two were dengue type 1 and type 2.

3. In acute phase, only IgM antibodies to dengue viruses
can be detected by ELISA technique. These antibodies are
against NS3 and NS5 polypeptides as detected by immumoblot with
enzyme immumoassey -

4, ELISA to detect specific dengue IgG antibody and
{mmoblot  to detect IgG antibody to dengue peptide in acute
sera revealed negative results In all cases. IgG antitcdies to
envelope protein (E) and NS3 aré the first two antibedles to
polypeptide which can be identified {n convalescent sera.
In same cases, antibady to NS3 appeared before the 13G antibody
to envelope protein.

Data suggested that in primay dengue infection, shock
syrdrame  occurred without an exietence of IgG antibodies to
dengue virus, while IgM entibodies appesred in most cases.
Antitodtes to the NS3 and NS5, which are the virus nonstructural
pcotelns, appeared iapidiy. an existence of dengue viruses,
g4 and 136 antibady, C3 eplit products, and antibodies to
dergue polypeptides fn camection with the severity of this

ise.se wiil be presented and discuseed.
This work was supported by 8 research grant fram U.S. Agency for
Inrernational Develcpent ((SAID), grant no. $36-5542-C-00-2029-00

IN SITU HYBRIDIZATION ANALYSYS OF TYPE 1 POLIOVIRUS
MULTIPLICATION IN THE CENTRAL NERVOULS SYSTEM OF MONKEYS.
Thérdése Couderc*, Christina Christodoulou*, Florian
Hoiaud®, Hélei.a Kopecka?, Susan Marsden®, Leslie Frank
Taffs* Pphilip Minor®, and Radu Crainic*. 3Virologie
Médicale and *Virologie Moléculaire, Institut Pasteur,
Paris, France, and >National Institute for Biological
Standards and Control, Blanche Lane, Potters Bar, U.K.

poliovirus~infected monkeys, we developed in_ situ
hybridization for viral RNA with a poliovirus-specific
riboprobe (nucleotides 221-670 from the 5' non-coding
region of type 1 poliovirus (PV-1) Hahoney). Using this
method, the presence of poliovirus genomes was studied
in hustologicel preparations of the central nervous
system (CNS) of monkeys inoculated intraspinally with
virulent or attenuated (Sabin) PV-1. In monkeys paraly-
zed after the inoculation of a neurovirulent revertant
of PV-1 /Sabin strain, viral RNA was decected in motor-
neurons and their processes and in polynuclear and small
neursl cells. By quantitstive in situ hybridization, the
viral replication at the single-cell level was analysed
and it was thus shown that the death of motoneurons was
due to the direct effect of poliovirus replication in
these cells. The role of polynuclear cells seems to be
confined to the removal of necrotic neurons. The study
of neural histoiogical lesions of monkeys paralysed
after infection with attenuated PV-1 as compared to
those infected with the virulent strain revealed two
major differences : i) the number of destruyed motor-
neurons was recuced and limited to the inoculation site
and i) the inflammatory reaction was localized but was
more intense.

In order to detect virus-containing neural cells in
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POINT MUTATIONS AND A  LARGE DELETION RESPONSIBLE FOR THE
ATTENUATED PHEMOTYPE 1IN NEUTRALIZATION ESCAPE MUTANTS FROM A
CHIMAERIC TYPE 1/YYPE 2 POLIOVIRUS. T. Couderc*, A. Martin?,

C. Wychowski®, M. Girsrd?, P. Horeud* and R, Crainic®. >Medical
Virology Unit snd *Molecular Virolegy Unit, Pasteur Institute,
Paris, France.

A chimseric poliovirus was constructed by substituting the
sntigenic site 1 (amino acid sequence 94 through 102 of capeid
polypeptide VP1} of type ! poliovicus (PV-1) Mahoney strain with
that of PV-2 Lansing strain (Martin et s}, EMBO J., 1988, 2,
2839). As compared to its PV.1 parent, the antigenic hybrid virus
thus obtafned (v510) was neuccs#lized by sntibodies directed
#gsinst antigenic site 1 of PV.2 and was neurovirulent for mice.
Neutralizstion escape mutants were isolated from vS10 with two PV-
2 site 1 neutralizing monoclonal entibodies (MHibs), Ilo (9
mutants) end HOZ (§ mutsncs). The resistance Lo neutralization
with MAb Ilo wae not slways accompsnied by resistsnce to antibody
K02, confirming che possible independant varistion of the two PV-
fic epitopes. HMutations csueing T sLance to MAb HOZ
clustered in the C-terminal part of the FV-2 saquence of VPl (Lys
99 and Acg 100)., while those to Ilo were found in the N-terminal
of antigenic ®ite 1 at Asp 93 and Asp 95, and also outside the
sncigenic replacement loup at Leu 106. In one of the escape KOZ
mutsnts (516 Hi), the whole subktituted sequence (#a  94-102) was
deleted. As suggetted by thermolability of the vicus at 45°C,
mutations Asp 95 -> Gly (but not Asp 95 -> Asn), Lys 99 -> Glu
Arg 100 -> His and & 94-102 deletton sltered the capsid stabilicy
of the mutated viruses L:ke the parental 510, oost of the
mutants have s good replicative capacity &t supre-optimal (40°C)
temperature, as the parentsl 510, except the Asp 93 -> Gly
variant snd the 94102 deletion mutant, which were ts-. While the
te- charscter wis accompsnied by the loss of naurovirulence in
mice, the ts* mscker wes not always corcelaced with virulence,
#ince in 12 of 13 variants the onutstion induced an attenusted
phenotype.

A CONPARATIVE STUDY ON THE SENSITIVITY OF JAPANKESE
ENCEPHALITIS VIRUS IN R.MONKEY AND MICE

4o Jian* Yu YongXin®* Li HeMin® National Institute
for the Control of Pharmaceutical and Biological
Producta, Beijing 100050, China

The sansitivity of Japanese encephalitie virua{JEV)
in monkey and mice is unknown yet. Many Researchers
on the study of the safety of JE live vaccine should
be passed through monkey finally. We have studied the
pathogenicity of JEV in monkey and mice and found out
that the virulence of JEV was declined following the
increasing of passage~times in Primary Bamster kidney
cell(PHKC). Concerning the SA14 parent strain, when
the LD50 in weanling mice was 5,00-6.33, the LD50 in
veanling monkey was also )} 5.50. When the filial .
strain was passaged at 50 times, the LDSO ir weanling
mice was declined to 1.43-2.44, the 4 tested weanling
monkeys were sacrificed just only one, ite LD50 was
<0,0., While {t was passiged at 100 times, the LD50O
in weanling mice was further dropped to ¢ 0.0-3.38,
and there were 8 to fall fever, one appearing Neu-
rotic symptoms amoung the 17 tested weanling monkeye.
The 3 strains of live vaccine have completely loat
the virulence bdoth in monkey and mice. According to
thege data,we conaidered that the pathogenicity of
JEV was equal to monkey and mice, even the mice wae
more sensitive than the monkey. However, the clinical
study was not enough 1o prove using mice in stead of
monkey. For this purpose, we have to study the chan-
ges of cytopathology caused by JEV both in monkey and
mice.
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CHARACTERIZATION CI' THE YELLOW FEVER VIRUS 17DD STRAIN,
P.R.Post;R.Carvalho;C.N.Santos;0.5.Lopes and R.Galler*.
Fundagao Oswaldo cruz,Departamentco de Bioquimica e Bio-
logia Molecular; Biomanguinhos; Rio de Janeiro, Brazil
CEP 21040.

The Oswaldo Cruz Foundation produces several million
dosis of yellow fever vaccine each year, accounting for
a large proportion of the YF vaccine prepared worldwide.
As part of a broader program to determine the molecular
basis for attenuation of flaviviruses using YF as a
model, *he YF 17DD strain should be characterized in
detail. We report here on the purification of the 17DD
virus directly from virusinfected chick embryo homogena-
tes, which is the source of virus used for vaccination
of millions of people in Brazil and other countries for
almost 50 years.

Neutralization and haemagglutination tests showed

Furthermore, radioimmunoprecipitation of ““S-methionine-
labeled viral proteins using mouse hyperimmune ascitic
fluid revealed identical patterns for the purified 17DD
virus and the 17D-204 stock. Finally. comparison by
northern blot hybridizations of virion RNAs of purified
170D with two other strains of 17D virus(17D-204 and 17
D-213 ) shows genome-sized molecules for all three
viruses. We are now constructing a cDNA library of
the purified 17DD virus in order to derive the nucleoti
de sequence corresponding to the vaccine phenotype.

This work was supported by FIPEC(1,1940-2) and CNPq.
We thank C.M.Rice for the gift of 17D-204 virus and cDMA
clones.

that the purified virus is similar to :helgriginal stock.

A SINGLE AMINO ACID EXCHANGE IN THE E-
PROTEIN OF TICK-BORNE ENCEPHALITIS-VIRUS
LEADS TO ATTENUATION OF MOUSE VIRULENCE

H. Holzmann, F.X. Heinz , C. Mandl, F.
Guirakhoo, C. Kunz. Institute of Virology,
University of Vienna, Austria.

Variantas of tick-borne encephalitims (TBE)
virus were selected by growing the virus in
the presence of neutralizing monoclonal
antibodies. Seven mutants were thus
obtained, which differed by the wild-type
by only a single amino acid exchange and
had 1lost their capacity to bind the
selecting monoclonal antibody.

The amino aocid exchanges were located at
different sites in the envelope protein E
of TBE-virus, ocorresponding to different
antigenic domains.

These mutants were compared with respect to
their virulence upon i.¢. inoculation of
suckling wice and s.c. inoculation of adult
mice. One of the mutants revealed
atrongly reduced pathogenicity after
peripheral inoculation, but retained its
capacity to replicate in mice and to induce
a high titered antibody responase. Infection
with the attenuated mutant resulted in
r:sistance to challenge with wvirulent
virus.
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EFFECT OF SUBSTITUENT ON THE MODE OF ACTION OF
ANTIRHINOVIRAL 9-BENZYL PURINES.

J.W.T. Selway* and J.L. Kelley, Wellcome Research
Laboratories, Beckenham, Kent, U.X. Burroughs
Wellcome Co., Research Triangle Park, N.C 27709,
U.S5.4A.

Rhinoviruses are an economically important and
therefore attractive target for chemotherapy. The
9-Benzyl purines are new agents which inhibit repli-
cation by binding to the virus capsid. Previous
studies have demonstrated sicilarfry in the mechanism
of action of BW 429U and &',6-~dichloroflavan {BW683C),
a known capsid binding compound. In this study the
wmechanism of action of two 9~benzyl purines has been
compared. BW B429U and BW Cl60U differ by CFs and Cl,
at C2 of the purine nucleus. Mutants which are
resistant to the compounds are cross-resistant. In
potency and yield reduction the compounds are similar
but their effects in time of addition snd direct
inactivation studies reveal that both compounds bind
but BW B429U inactivates also. The difference in
action may be due to the strongly electron-withdrawing
CFy substituent. The rhinoviruses have antigenically
distinct {mmunogenic areas on the capsid. This
variation in protein may cause the differences in
binding affinity of antiviral agents. 9-Benzyl purines
may be useful tools in the determination of rhinovirus
capsid structure and function.

‘These studies highlight the difffculties 1in
developing broad spectrua antirhinoviral compounds.

COMPLEMENT AND CIRCULATING IMMUNE COMPLEXES IN THE
PATHOGENESIS OF SHOCK AND LEAKAGE IN DENGUE HAEMOR-
RHAGIC FEVER

*Malaett P, Mongkolsapaya J, Singhathong B, N{mmannit §,
and Suvatte V. Dept. of Medicine and Pediatrics, Siriraj
Hospital, Mahidol U., Children Hospital, Bangkok
Thailand.

Complement system is known to be activated {n Dengue
Haerorrhagic fever (DHF). Circulating immune complexes
(CIC) had been incriminated as the main cause of its
activation. To confirm the above findings, complement
C3, C4 and anaphylatoxins (C3a and C58) were measured in
the plasms of 36 patients with DHF. Circulating immune
complexes were sssayed by Clq and Conglutinin bindl g
assays, Soluble terminal complement comple . (5C5b-9) was
aseayed by an ELISA method. Levels of C3 and C4 were
found to be low during the period of shock and/or during
the'wubsidence of fever. Their levels correlated in-
verssly with the disease severity. Sharp and high peaks
of C3a, C5a and SC5b-9 were detected at the time of the
appearance of shock. Small smount of CIC were detected
by the two assays and their levels correlated poorly
with disease severity.

The above findinge confirm the active role of com-
plement/anaphylatoxins i{n the pathogenesis of shock in
DHF; but fail to identify significant amount of CIC.
Compared with the profiles of complement activation in
typical circulsting immune complex dis e such as SLE,
relativaly larger smount of anaphylatoxins were gene-
rated in DHF. The complement system wae astivated to
completion in DHF ae indicated by the raised levels of
SC5b-9 complex. The data indicute a very afficient com-
plement activstion in DHF.
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THE MECHANISM OF ALTERED SINDBIS VIRUS NEUROVIRULENCE
ASSOCIATED WITH A SINGLE AMINO ACID CHANGE IN THE E2
GLYCOPROTEIN

Pamela C. Tucker!, Chang S. Hahn®, Ellen G. .
Straussz, James H. S:raussz, and Diane E. Griffin %

1The Johns Hopking University School of Medicine,
Baltimore, MD and “Californis Institute of Technology,
Pasadena, CA

Changes in the amino acid sequences of both the
El and E2 glycoproteins of Sindbis virus have been
demonstrated to affect virulence. However, the
mechanism by which these changes alter virulence is
unknown. We have studied two recombinant viruses, TE
and TES, containing either Gly (TE) or Arg (TES) at
residue 172 in the E2 glycoprotein. TE causes
earlier death (3.6 d) than TES (4.8 4, p < .00l)
after s.c, inoculation of newborn mice., Growth of the
2 strains is similar in BHK and . cells but TE grows
more rapidly than TES in N-18 neuroblastoma cells and
in the brains of newborn mice. TE induces viral RNA
synthesis in N-18 cells earlier than TES anu binding
of TE to N-18 cells 1s more efficient than binding of
TES. These data suggest that the amino acid occupyir:
position 172 of the E2 glycoprotein is important for
binding of Sindbis virus to neural cells and that
amiro acid changes at this position affect neuro-
virulence.

MODIFICATION OF POLIOVIRION PROTEINS BY HOST PROTEASES
T.Hovi* and M.Roivainen, Mol Biol Unit and Enterovirus
Lab, National Public Health Inst, Helsinki, Finland

Selective cleavage of the BC loop of VPl is a known
effect of the intestinal prote:sse trypsin on several
poliovirus strains. We have found that plasmin, the
activation product of the plasma proenzyme plasminogen,
is also able to bring about VPl cleavage and concomitant
antigenic changes similar to those produced by trypsin
(Ref.1).

Studies with neutralizing monoclonal antibodies with
known target sites in the virion indicated that, as a
consequence of the cleavage of the BC loop of VPl, other
antigenic sites become more easily accessible to anti-
bodies (2). This conclusion was based on titer increa-
ses determined with RACINA, a new assay specificaily
developed for measuring neutralizing antibodies to
protease-cleaved polioviruses (3},

While representatives of all three serotypes of
poliovirus can be cleaved by host serine proteases, a
type 3-specific phenomenon was an apparent ~leavage-
induced enhancement of the uncoating phase of the viral
replication cycle (2).

These observations suggest that the host enzyme-
dependent mod.fication of poliovirion proteins may have
a role in the pathogenesis of poliovirus infection in
Vivo.

References:

(1) Roivainen et 1., submitted

(2) Roivainen, sutmitted

(3) Hovi and Roivainen: J Clin Microbiol 27:709-12,1989
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PATHOGENICITY AND REPLICATION OF ENCEPHALITIC
TOGAVIRUSES IN MOUSE ORGANOTYPIC SPINAL CORD
CULTURES.

Shahar, A., tustig, S., Akaov, Y., David. Y.,
Schrneider, F.and ®*Le i1n, R. Department of
virolagy, lsrael J-.stitute for Piological
Research, Nec . Ziona 70450, lsrael.

The pathogenicity of two encephalitac
tagavirases, sindbis varus (SY), an alphavirus
ang West Nile virus (WNV), 4 flavivirus, was
studited (1 arganotypilc cultures of fetal mouse
spinal curd slices grown 1n roller tubes.
néter about  oweeks 1n vitto, during which
“ime the cultures Lbecame abundantly myelinated.
they were intected elther by &x10% ptu SV or
Ly B.i07 ptu WNV per culture. The viruses
cavced drfierent patterns of cytopathogenicity:
svoanduced sevore cytotoxicity 1n all glia
cells and newr ons with concom: tant
der ,elination within 48 houre. Irn contrast,
Wit even 4 day: aft-r infection caused unly
il cytopathis effecte mainly to neurons and
astrotytes and a slight degree of damage to
th.» myelin sheath. A qust remarkable finding
was the ent-apment of WNVY particles 1n the
interperi1od lines of the myel:n sheaths.
Treatment of cultures wi’h mouse alpha and
Lt e anter ter on prior te thetr antection wath
either virue prote:ted the cultures fror any
/1t al darage. Lang-term exposure of
nonintected control rrganotypic cultures of
tetal spinal cird slices to mouse 1nterfer ons
had no si1gyniticant effect on neuroanal and
Jtrel differentiotiun, and meelin formation,

DENGUE INFECTION (LICITS CROSS-REACTIVE ANTIBODIES TQ
PLASHINOGEN,

*Lewls Markoff, Laboratory of Infectious Diseases, NIAID,
N1it, Bethesda, MD 20892.

Computer analysis of the predicted amino acid se-
quence of Lhe dengue envelope glvcoprotein (serotvpe &,
strain 814669) revealed that it contains a sequence of
20 amino acids (residues |0l to 121) with similarity to
a 21 amino acid sequence contained in a family of ser-
ine proteases which function in blood clotting (plasmin-
ogen, prothrombin, Factor X, tissue plasminogen activa-
tor, urokinase). ihe dengue envelore sequence in ques-
Lion is highly conserved among flaviviruses. ELISA
using murine hyperimmune ascitic fluids indicated that
dengue but not Japanese encephalitis (JE) or St. Louis
encephalitis virus antibodies could cross-react with
plasminogen and prothrombin. ELISA using peptides con-
firmed the site-specificity of the cross-reactivity
with plasminopen. ELISA using human sera from Thatl
patients revealed that about 70% of individuals experi-
encing a secondary dengue infection developed a transi-
ent cross-reactive antibody response to plasminogen
(1gG class antibody detected in acute but not convales-
cvent ‘era). In contrast, sera from ten patients in-
fected with JE virus were negative compared to a pauel
of 17 controls, Cross-resctive antibodies are pre-
dicted to bind plasminogen 1Y amino acids downstream
from the serine active site. Further studtes are in
progress.
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USE OF RECOMBINANT VACCINIA VIRUSES EXPRESSING DENGUE
STRUCTURAL PROTEINS FOR IMMUNIZATION OF MICE AND
PRIMATES. M. Bray!s, B.T. Zhao!, J. Strauss?, E.
Strauss?, K.H. Eckels?, R.M. Chanock! and C.J. Lail.

1. NIAID, NIH, Bethesda, MD 20892 2. California
Institute of Technology, Pasadena, CA 3. Walter Reed
Army Institute of Research, Washington, D.C.
Recombinant vaccinia virus containing the capsid (C),
pre-membrane (pre-M) and envelope (E) glycoprotein
genes of strain 814669 dengue 4 virus produces pre-M
and E glycoproteins. Mice immunized with this
recombinant were protected against an intracerebral
challenge of 100 LDSO of strain H241 dengue 4 virus.
Vaccinia recombinants expressing only E also protected
mice against encephalitis. Although antibodies to E in
sera of immunized mice were low or undetectable,
resistance to challenge was induced through transfer of
serum, indicating that humoral immunity plays a role in
protection. A recombinant which contains the C and pre-
M genes produces apparently auvthentic pre-M. Mice
immunized with this recombinant were partially
protected, indicating that C and/or pre-M may be
recognized as antigens and contribute to immunity. A
recombinant which expresses pre-M and E of the S-1
candidate vaccine strain of dengue 2 induced solid
protection against challenge with 100 LD50 of New
Guinea C strain dengue 2. Mice immunized with the
dengue 2 recombinant were cross-protected against
dengue 4, but animals immunized with the dengue 4 C-
preM-E recombinant showed no resistance to dengue 2.
Neither recombinant protected against dengue 1.

Rhesus monkeys were immunized with a recombinant
expressing dengue 4 pre-M and E and non-structural
protein NS1. The monkeys developed antibodies te NS1,
but were not protected against homotypic challenge.

PROTECTION BY BACULOVIRUS EXPRESSED PROTEINS OF JAPANESE
ENCEPHALITIS VIRUS. J. McCown, M. Cochran, R. Putnak, R.
Feighny, J. Burrous, E. Henchal, C. Hoke*. WRAIR,
washington, DC 20307 and MicroGeneSys, East Haven, CT.

The polyprotein gene of Japanese encephalitis virus
and genes coding for the E and NS1 glycoprotein were
cloned into baculovirus expression vectors and expressed
in Spodoptera fugiperda cells. Crude cell lysates were
administered to C57 black mice in threee doses at 0, 3
and 14 days. Mice were bled on day 21 and challenged
with approximately 100 LD50 of Nakayama strain Japanese
encephalitis virus. Survival was increased fram about
30% in control mice to 70% in E and polyprotein recipi-
ents (p<.005 for both groups compared to control), but
was not increased in NS1 recipients, despite the devel-
opment of antibody by NS1 recipients. Virus neutraliz-
ing antibody was demonstrated in 15/20 polyprotein and
18/20 E glycoprotein recipients, as campared with 0/20
control and 1/20 NSl recipients (p<.000001 for E and
polyprotein recipients). Antibody against crude lysates
of Japanese encephalitis virus infected cells were found
in E and NSl recipients and against purified virion in E
recipients only. We conclude that baculovirus expressed
E glycoprotein stimulates antibody which is both protec-
tive and neutralizing and may form the basis for a vac-
cine suitable for human use. NSl antibody was neither
protective nor neutralizing.
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PURIFICATION OF NATIVE AND REQCMBINANT PROTEINS IN THE
PRODUCTION OF DENGUE VIRUS VACCINES.
RJ Feighny*, MJ Burrous, CJ Lai, M McCown, (4 Hoke.
Walter Reed Army Institute of Research, Washington, DC
20307-5100

Purification of both native and recambinant dengue
virus proteins has been accomplished by the use of ion-
exchange HPLC technology. Silver stained SDS
polyacrylamide gels demonstrate that the proteins are
greater than 95% pure, showing one band with native pro-
tein from dengue-2 and less than five bands with puri-
fied recarbinant dengue-4 protein. The proteins are re-
active with polyclonal sera in western blotting assays.
The purified native dengue-2 envelope glycoprotein has
been injected in mice eliciting production of antibody
to the protein. Maintenance of antigenicity is highly
dependent upon the methods used to disrupt the virus or
cells. Different detergents have been used, nonidet P-
40 1is superior for the disruption of native virion pro-
teins while oclyl beta-glucoside is best suited for re-
combinant proteins. Current experiments are underway to
determine the feasibility of using either purified na-
tive or recombinant proteins in the production of vac-
clnes.

MOLECULAR MECHANISMS INVOLVED IN THE TEMPERATURE-
SENSITIVITY AND A TION OF SABIN 3 POLIQVIRUS
A J Macadan*, J Hoglel and P D Minor

NIBSC, South Mimms, Herts, EN6 30G, LK and lScripps
Institute, ta Jolla, CA 92037 usa,

A single amino acid change in the capsid
proteins of P3/teon, the progenitor of the Sabin
type 3 vaccine strain of poliovirus, renders the
virus temperature-sensitive (ts) and also confers
an attenuated phenotype., Reversion of the ts
phenotype, whether by direct back mutation or by
suppressor mutation, results in loss of attenua-
tion. Such a strict correlation between phenotypes
is a prerequisite of any in vitro marker for
attenuation, Since a ts phenotype may be the
result of other, non-attenuating mutations we have
been investigating the processes affected by
temperature as a result of this attenuating
mutation (VP391 ser—phe) in the hope that such
information may allow us to screen for attentuation
in vitro,

The positions of VP33l and suppressor
mutations in the 30D structure suggests that a phe
at VP39l may result in structural themolability
and that suppressors may act by stabilising the
native capsid structure. Differentiai themmol-
ability between Sabin 3 and P3/Leon has not,
however, been found, Other strictwres, inwlwed in
cell entry, uncoating or assambly may be aftected,
One-step growth experiments showed that RNA
transfection did not reiieve the ts. Thus there
appears to be at least one ts step late in
infection., The effect of temperature on assambly
processes of the vaccine strain is currently being
investigated,
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BIOLOGICAL AND BIOCHEMICAL CHARACTERIZATION OF APHTHOVI-
RUS ATTENUATED STRAINS

1.E. Berg\unn’*,A.T. Giraudo? ,E. Beck?,P. Augé de Mello!
1. Gomes E.A. Scodeller® | J.L. La Torre®

'pan American FMDV Center, Rio de Janeiro, Brazil; 2Cen-
ter for Animal Virology, Buenos Aires, Argentina; ’Zen-
trum fur Molekulare Biologie, Heidelberg, FRG

To ascertain the nature of the genetic changes asso-
ciated with virulence in cattle, we analyzed the bioche-
mical and biological differences between aphthovirus at-
tenuated strains and their respective wild-type strains.
As expected due to the high variability of RNA viruses
and to the multiple passages used to generate these atte
nuated strains, molecular weight and charge differences
between the polypeptides of the attenuated strains and
their respective wild-type strains were scattered
throughout the entire genome. A feature common to all
the attenuated strains analyzed was an alteration in po-
lypeptide 3A. Sequencing of ¢DNA copies coding for this
polypeptide, identified a genomic deletion, of variable
length in the different attenuated strains. Analysis of
the in vitro markers of attenuation in primary bovine
kidney cells (BK) as well as virulence tests in cattle
of recombinant viruses, carrying the 5' or 3' halves of
either wild-type or attenuated strains, located the ma-
jor determinants of attenuation in the 3' half of the ge
nome, although, the 5' half could enhance the attenua-
tion effect carried on the 3' half. Moreover, analysis
of functional defects in BK cells demonstrated that the
attenuated strains have a diminished capacity for viral
RNA synthesis, which was dependent on defects in the 3'
half of the genome. In addition a decreased efficiency
of viral protein synthesis, which depended on defects in
the 5' half of the genome could be observed.

PREPARATION OF A PURIFIED, INACTIVATED HEPATITIS A
VACCINE .
Dubois, D.R.", Eckels, K.H,, Binn, L.N., Ticehurst,J.R.,
Cohen, W.H., Timchak, R.lL., Barvir, D.A. and Marchwicki,
R.H., Dept Biologics Research, Div Comm Dis znd Immunol,
Walter Reed Army Inst Research, Walter Reed Army Medical
Center, Washington, D.C. 20307-5100

A purified, inactivated hepatitis A virus (HAV)
vaccine was prepared from human diploid MRC-5 cells
infected with the HM-175 strain of HAV. The clarified
harvest was inactivated with 0.05% formalin and part-
ially purified and concentrated by ultrafiltration.
The concentrate was further purified by isopycnic den-
sity gradient centrifugation in Renografin~76 (diatri-
zoate weglumine and diatrizoate sodium). The major peak
of HAV antigen contained complete virions and was sep-
arated from subviral antigen and host cell protein,
After pelleting, the purified HAV was resuspended to a
concentration of 1 ug/ml, adsorbed to alum, followed by
addition of a preservative, The purified vaccine (FI-2)
was compared to an earlier non~purified vaccine (FI-1)}
shown to be immunogenic for human volunteers. The HAV-
specific antigen in the FI-2 vaccine was increased 139
fold while protein concentration was reduced 100 fold.
Additionally, the FI-2 vaccine was > 10 fold more
potent in mouse assays than the FI~l vaccine. These
findings demonstrate the feasibility of producing a
safe, potent, and pure vaccine that can be used to
perform human dose-response studies,
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ML-17, a live vaccine strain of JEV,
is a M-protein mutant ?

M.Tanaka, H.Hori, R.Kusano, S.Haishi
K.Morita and A.Igarashi?*
Department of Virology, Institute of Tropical
Medicine, Nagasaki Univ., Sakamoto-machi
12-4, Nagasaki , Japan 852

ML-17 1s a live vaccine strain of Japanese
encephalitis virus (JEV), created by repeated
cell culture passages of JaOH0566, a wild type
strain isolated from post motal human brain.
(Yoshida et.al.,1981,Biken J.,vol 24,p47-67)

The vaccine strain lacks several parental
properties, such as, loss of viremia in swine,
lack of developing encephalitis by peripheral
challenge in mice and poor multiplication in
vector mosquitoes.

We are aiming to understand precise
mechanism of the attenuation at a molecular
level, and determined nucleotide sequences of
the genom RNAs (from 5’ termini to the ends of
E-protein region, so far).

Six amino acid alterations were
accumulated in PrM and M-protein region,
though no nucleotide change and no amino acid
alteration were observed in S' non-coding and,
C and E protein region , respectively
Comparison of nucleotide seguence on non-
structural and 3' non-coding region is still
going on. However, the accumulation of six
sense mutations only in M-protein strongly
suggests that the mutations correlate with
unique ML-17 phenotypes.

PATHOGENESIS OF LACTATE DEHYDROGENASE-ELEVAT-
ING VIRUS INDUCED POLIOMYELITIS: INVOLVEMENT OF
AN ENDOGENOUS RETROVIRUS AND MECHANISM OF ANTI-
BODY MEDIATED PROTECTION FROM DISEASE. John T.
Harty*, Christopher H. Contag, Grant W. Anderson, and Peter
G.W. Plagemann. Department of Microbiology, Univ. of
Minnesota, Minneapolis, Minnesota, U.S.A.

Susceptibility of mice to the paralytic disease associated
with acute lactate dehydrogenase-elevating virus (LDV) infec-
tion is genetically linked to the presence of multiple copies of
endogenous ecotropic retroviral proviruses which are expressed
in these mice after birth. Thus, disease is restricted to certain
mouse strains, including C58 and AKR. Paralysis in C58 mice
correlates with the presence of LDV RNA and antigens In
ventral horn motor neurons of the spinal cord. Accumulation
of endogenous retroviral RNA In motor neutons, which ls
induclble by agents which render mice susceptible to disease,
correlates with susceptibility of neurons to LDV infectlon.
Substrains of C58 and AKR mice differ with respect to disease
susceptibllity which may be related to differences in proviral
number or integration sites. Polyclonal and monocional anti-
LDV antibodies can protect C58 mice from neurologlcal disease
when present at the time ot infcction. The mechanlsm of
protection does not involve elimination of LDV; the antibodies
specifically prevent infection of target motor neurons without
interfering with LDV infection of macrophages or non-neuronal
cells in the CNS. Protective monoclona!l antibodies have been
used to ildentify two temporaily distinct stages in LDV patho-
genesis. These two stages can be separated by an intermediate
event requlred for initial neuconal infection, at which time
the virus ls not accessible to the protective antibodles. This
(ntermediate event may involve axoplasmic transport of LDV
through the peripheral nervous system to the CNS.
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BIOLOGICAL VARIATION IN RUBELLA VIRUS STRAINS.
J.K. Chantler?® G. Tal, L. Smyrnis, N. Miki and K. Lund.
Medical Micro., University of B.C., Canada V6T W5

Efght strains of RV, including both wt+ and vaccins
strains have been compared for differences in biological
properties and tissue tropism. In vivo these strains
are known to vary in their association with induction
of both arthritis and neurologic complications following
acute infection. In VERO cells, the vaccine strain RA27
ugroduclbly grev to lower titres than other strains at
35°C, and wvas relatively teaperature-sensitive being
slaost completely {nhibited at 39°C. Differences wers
also found i{n the electrophoretic sobilities of the sub-
species of El and E2 glycoproteins produced in VERD
cells by each strain, folloving Western blot analysis.
This antigenic variation vas aslso notable by tamune
peroxidase (IP) staining of infected VERO cells using
eral polyclonal antisers to diffsrent strains at RV,
and also monoclonal antibodies to the El glycoprotein
of the M33 strain. Both quantitative and qualitative
differences in the staining patterns vere obtained, and
only partial cro: activity was found between certain
strains, particularly RA27 and Therien.

The relative  peraiasiveness of  various
differentiated human cells to each strain has also been
examined including lyuphorsticular cells, primary
synovial meabrane cultures, a chondrocyts cell-lins and
wixed cultures of sstrocytes and oligodendroglis. Viral
ylelds from sach cell type wers datermined and viral
antigen production as d by IP staining and in sons
cases, SDS-PAGE. The results have indicated that a widse
range of human cell types are permisive to RV and that
the RA27 and Cendehill strains show the most selectivity
in their choics of host cell.

ANTISENSE OLIGONUCLEOTIDE INHIBITION OF
ENCEPHALOMYOCARDITIS VIRUS {EMCV)} RNA TRANIZLATION
Sabita Sankar*, Keat-Chye Cheah and Alan G. Porter
Inst of Molecular & Cell Biology, Natieonal Unmiv
of Singapore, Kent Ridge Crescent, Singapore 0511,
Republic of Singapore

We report the inhibition of encephalomyocarditis
virus (EMCV) RNA translation in cell-free rabbit
reticulocyte lysates by antisense oligonucleotjides
(13-17 mers) complementary to (i) the viral 5° non-
translated region (NTR), (ii) the AUG start codon
and  {iii} the coding sequence. Our results
demonstrate that the extent of translation inrhibition
is dependent on the region where the complementary

cligonucleotides bind. Noncomplementary and 3'
NTR specific oligonucleotides had no effect on
translation. A significant degrce of translation

inhibitien was obtained with oligonucleotides
complementary to the viral 5' NTR and AUG initiation
codon. Digestion cof the oligonucleotide:RNA hybrid
by RNase H did not significantly increase translation
inhibition in the case of 5' NTR and initiator AUG
specific oligonucleotides: in contrast, RNase ¥
digestion was necessary for inhibition by the coding
specific oligonucleotide. We propose that (i) 5°'
NTR specific oligonucleotides inhibit translation
by affecting the 405 ribosome binding and/or passage
to the AUG start coden, {i1) AUG specific
oligonucleotides inhibit translation initiation
by inhibiting the formation of an active B80S
ribosome, and (iii} the «coding region specific
oligonucleotide does not prevent protein synthes:s
because the translating 805 ribosome can dislodge
the cligonucleotides from the EMCV RNA template.
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MONOCLONAL ANTIBODY RESISTANT ESCAPE MUTANTS
OF JAPANESE ENCEPHALITIS VIRUS WITH REDUCED MOUSE
NEUROINVASIVENESS.

By Cecilia Dayaraj and £ A Gould* NERC Institute of
Virology, Mansfield Road, Oxford OX1 3SR.

A panel of monocional antibodies (Mab) was prepared
using a strain of Jaganese encephalitis (JE) virus isolated in
Sarawak. The Mab were characterised antigenically by
indirect immunofluorescence, plaque reduction neutrali-
sation in vitro enhancement of infection and mouse
protection tests.

Molecular specifications were analysed by immuno-
blotting and radioimmunoprecipitation.

Mab that neutralised JE virus were used to derive
neutralisation resistant escape mutants from the plaque
purified parent strain. The mutants were analysed by
immunofluorescence, immunoblotting, haemagglutination
and neutralisation tests with the entire pane! of Mab, to
map the epitopes. The mutants were compared with the
parent strain for mouse neurovirulence by intraperitoneal
inoculation. Reduced neuroinvasiveness, as judged by
decreased virulence was observed with a few escage
mutants. The implications of these findings will be
discussed.

MOLECULAR DETERMINANTS OF JAPANESE ENCEPHALITIS
VIRUS VIRULENCE
Sorachai Nitayaphan,* Joyce A. Grant, and Dennis Ww.
Trent
Div. Vector-Borne Diseases, Centers for DNisecase
Control, Fort Collins, CC 80522

Japanese encephalitis (JE) virus belongs to the
family Flaviviridae and 1s a major cause of
encephalitis ifn  humans. The live-attenuated
SA-14-14-2 vaccine strain has been characterized by
comparison of nucleotide and deduced amino acid
sequence with the virulent SA-l4, There are 67
nucleotide differences between the two viruses
scattered throughout the 10976 nucleotides 1n the
genome. These sequence changes have resulted in 27
amino acid differences in & total of 3432 arinc
ecids. Comparison of the amino acid sequence of
the SA-14-14-2 vaccine strain with 3 virulent Jt
atrains: SA-14, JaOArs982, and Beijing 1, reveals
that 14 of the 27 changes in the SA-14-14-2 vaccine
are unique; 1 {n the capsid, S in the envelope, |
in ns2a, 1 in ns2b, 3 in NS3, 2 in nsia, and | in
NS5. A transversfon U to A occurred in position 39
of the 5'-noncoding region in SA-14-14-2 vaccine
strain. of three nucleotide changes in
3'-nonicuding  region, 2 are vaccine-specific.
Production and genetic manipulation of infectious
clones will help to define the specific nucleotide
changes which affect in virulence.
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EXPRESSION OF A GLYCOPROTEIN INVOLVED IN POLIOVIRUS
ATTACHMENT CORRELATES WITH THX ORGAN TROPISM OF
POLIOVIRUS.

nichsel P. Shepley®¥ and Mowvard L. weiner, ¥Dept. of
Medicine, Dana-Farber Cancer Inst., Harvard Medical
School, and Ctr for Neurologic Diseases, Brigham and
Women's Hosp., Boston MA,

Unique receptor sites for poliovirus are the
primary deterninant of the virus’ cell and tissue type
specificity. An antibody which specifically blocks the
cytopathic effects, and binding, of poliovirus was
previously generated using Hela cells as immunogen
(Shepley, et al. 1988, PNAS 85:7743). This antibedy
(decignated AF3) detected a 100-kDa protein, upon
immunoblot, in only those cell lines and tissues
pernissive for poliovirus infection. AF3 identifjed
the 100-kDa protein in meambrane prepscations from
human spinal cord, but not in ocrgan homogenates of
human kidney or of any murine tissue examined.
Furthermore, immunoblot analysis demonstrated an
assoclation between expression of the AF3 epitope with
human chromosome 19, which is known to confer
permissivity to poliovirug infection. A direct
correspondence between expression of the 100-kDa
glycoprotein and in vivo permissivity to infection
could be established. In imsunohistochemical studies
AF3 stained neurons in the reticular formation and
clusters of brainstem nsurons, consistent with the
known pattern of poliovirus damage. In the central
nervous systea, the antibody lgpel:ed to react with
synapses. AF) also reacted with the neuroauscular
junction, and not with adjacent auscle. These results
are consistent with suspected routes of entry and
dissemination of virus. Ar3 also bound human T and B
cells, but not red blood cells, consistent with the
obterved replication of poliovirus i{n Peyer's .atches
and tonsils. These results strongly suggest that the
100-kDa band detected by antibody Ar3 ?l. or is
closely associated with, the poliovirus receptor site.
Blochemical purification, and smino acid sequencing of
the 100-kDa molecule are in pragress.
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ULTRASTRUGTURE OF ISOLATED TOBACCO PROTOPLAS~
TS IR THE COURSE OF LONG-TERM INPECTION
Yudakova Z.S,$ Tanashkina T,Y., Zhuraviev Y.N.
Inst, Blol, Pedol., 960022, Yladivostok, USSR

Some of virus-specific abnormalities ob-
served in infected plant oells {virus orysta-
1a, I-bodies eto,) are absent in virus inocu~
lated protoplasts. Theae struotures seem %o be
connected with later stages of infeotion pro-
ceas, In order to verify this assumption the
ultrastructure changes of tobaocoo protoplasts
isolated from preliminary (24 hr) T OM ino-
oculated plants were studied for 160 hr after
mocuutgon in sterile conditions of protop-~
lasts incubation., Just after isolation (40 hr
poatinfection) protoplasts contained virus
particles aggregates (VPA) specifioc to ocells
of diseased plants, During 24 hr of protop-
lasts incubation, the YPA were disintegrated
and virua particles were spreoad in cytoplasm,
although the virus content per protoplast did
not reduced. The pronounced swelling of pro-
toplasts during incubation period was the poes-
sible oasuse for YPA disintegration. XI-bodies
were absent in protoplasts just after isola-
tion, but small accumulations of osmiophilic
granules wers found. These osmlophillic granu-
les were developed into granular structures
descridbed us for the protoplasts inoculated
in vitro. Later on granular inclusions inorea-
sed in number and size and beceme similar to
granular-fibrillar inclusions and X-bodies of
TM¥ infected plant cells, Thus the ultrastruc-
ture sbnorwallties specific to virus infected
plant calls can be observed in virus infected
protoplasts,

AGGRBGATION AND DEGRADATION QP TMV PARTICLES
IN THE INTERCELLULAR SFACES OF TOBACCO LEAVES.
L, A. Varfolomeeva*, Yu, M. Zburavlev, V. I,
Malinovaky.
Institute of Blology & Pedology USSR Academy
of Sclences, 690022, Vladivostok, U.S.S.R,
The fate of tobacco mosaic virus (TMV)
ga.rticles was studied following their injec-
ion into the intercellular spaces of tobacco
énicotim tabacum L.) leaves of systemio
var. Samsun) and local lesion (var, Xanthi
nc.) hosts, as well as leaves revealed syste-
mic acquired resistance (SAR) of plants var.
Xanthi no. As revealed by electron miorosco-
Py, an aggregation of infiltrated virus par-
ticles takes place immediately after injecti-
on. At the same time, the infectivity of the
homogenates of infiltrated leaves was found
to reduce., In 24-48 h after injection, the
leat homogenate infectivity and the specific
infectivity of the MV re;ha.rations isolated
Irom samples was reduces. 9 drop in infec~
tivity was followed by shorting of TMV viri-
ons thus teatif, to TMV partioles inacti-~
I:ti.gn.dh!o subn;a.n ial dist: o:iann displayed
¢ degree of aggregation, degradation and
inactivation of virus particles the leaves
of systemic and local lesion hosts, The in-
vestigated processes in SAR leaves was found
to be enhanced. These resulte indicated that
the mechanismg of the initial defence direc-
ted towards pathogene genotrution inte plant
cells are similar 4n these hosta,

MANIPESTATION OF THE N GENE IN ISOIATED TO-
BACCO PROTOPLASTS AND CELLS.
V. I, Mglinovaky*, Yu. N, Zhuravlev, L. A.
Varfolomeeva, L. 5. Seletskaya
Institute of Biology & Pedology USSR Academy
of Soiencea, 690022, Vladivostok, U.S.S.R.
The effeat of infeotion with tobacoco mo-
8aio virus on the viability of protoplasts
and oells isolated from the leaf mesophyll of
Niocotiana tabaoum L. var, Samsun (a sensitive
host) and var, Xanthi no, (a hypersensitive
host) was examined, The leaves were infeoted
before protoplasts and cells isolation, or
the protoplasts were infeoted with virus im-
mediately after isolationm. The protoplasts
and cells isolated from diseased Xanthi no.
plants during emergence of neorosis were of
low viabdility, but when the protoplasts were
infeoted after isolation from healthy plants
they ramained viable., No deorease in viabili-
ty was observed in the protoplasts and cells
isolated from the leaves of healthy or disea-
ged Semsun plants, a8 well as from leaves of
healthy Xanthi no, plants or from the leaves
with oompleted lesions, The N gene was not
induoed 1f the infeoted Xanthi no. plants we-
re kept at 32°C, the protoplasts prepared
from these plants were not destroyed, Howe-
ver, wa observed some deterioration of cells
1soiatod 2rom these plants during the early
periods of inoubation. These results indica~-
ted that the tissue integrity, the existence
of cell walls in partioular, plays a role in
the N gene induction and expression.

ULTRASTRUCTURE OF ISOLATED TOBACCO PROTOPLAS-
TS IN THE COURSE OF LONG-TERM INPECTION
Yudakova 2.5.% Tanashkina T,V,, Zhuravlev Y,N.
Inst, Biol, Pedol., 960022, Viedivostok, USSR
Some of virus-specific abnormalities ob-
served in infected plant cells (virus crysta-
ls, X-bodies etc,)ere absent in virus inocu-~
lated protoplasts, These structures seem to be
connected with later stages of infaction pro-
cegs, In order to verify this assumption the
ultrastructure changes of tobacco protoplasts
isolated from preliminary (24 hr) TW OM ino-
culated plants were atudied for 160 hr after
inoculation in aterile conditions of protop-
lasts incubation. Just after isolation (40 hr
postinfection) protoplasts contained virus
particles aggregatea (VPA) specific to cells
of diseased plants. During 24 hr of protop-
lasts incubation, the VPA were disintegrated
and virus particles were spread in cyteplasm,
although the virus content per protoplast did
not red d. The pr d swelling of pro-
toplasts during incubation period was the pos-
sible caume for YPA dieintegration., X-bodies
were absent in protoplasis just after isola-
tion, dut small eccumilations of osmiophilic
grasules were found, These osmiophiliec grenu-
leas were developed into grenular structures
described ua for the protoplasia inocculated
in vitro, lLater on granular inclusions increa-
8ed in number and size and became similar to
granular-fibrillar inclusions and X-bodies of
TV infected plant sells, Thus the ultrastruc-
ture abnormalities specific to virus infected
plant cells can be observed in virus infected
protoplasts,
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METHOD POR IDENTIPICATION SOYBBAN SBEDS IN-
PECTED BY SOYBEAN MOSAIC VIRUS.
A.G,Mrubitsing A,M.Okulov, Inst.of Blol.&
Pedol., ¥ar Basten Branoh of the Acad. scl.,
Vladivostok 22, USSR.

Various ali regions where soybean is cul-
tivated are affected by different virusea,
the highest damage resulting from soybean mo-
salo virus (SMV), Infeoted plants produce
less beans with fewer seeds, the grains being
often pigmented to ocomplicate cll refining,
SMV 1p transmitted from generation to genera~
tion via seeds, and during vegstation spreads
to neighbouring plants the medium of veotor-
insects. Hence ght use of inoculations of
healthy seeds (remnval of infection source)
could efteotive in combatting viruses. To
achieve this aim, the method for obtaining
virus-free seeds is necessary.

The luminescence gpecira of soybean
grainds has two maxima, Cne of thie is in ule-
traviolet, and second is in visidle range of

eotrum. Ratio of visible luminescence inten-

ty to ultraviolet one for healthy eeeds i8
more than that of virus-infected seeds. This
roperty may serves as criteria for identity-
gns the he:ithy seeds., A achematic diagram
was developed for an installation designed to
automatically select of healthy seeds. Nine-
ty-eight per cent of the celected seed mate~
rial will grow to yleld an average of 20 per
cent & year, The method is patentable.

TMY STRAIN-SPECIFIC INCLUSIONS IN THE INPEC~
TED TOBACCO PROTOPLASTS

Tanashkina T,V$, Yudakova Z,3,, Zhuravlev
Y, 3 Inat. Biol. Pedol,, 960022, Vladivostok,

U3s]
The ultrathin sections of isolated todac~

co protoplasts infected by thermoresistant
(tr) and thermosensitive (ts) TMY strains were
examined in electron microscope. The virus

articles and the virus-specific inclusions

¥SI) ~ granular structures were found in
cytoplasm of the protoplasts in 24 hr after
inoculation by tr strains (vulgare, ON,
nuclear, kazakhstan) and incubation at 24° or
32°, Speoial type of V5I, the dense osmiophi-
lic bodies side by side the virus partiocles
were observed in the protoplasts infected by
ts mutant NiII8 at 24°. The virus particles
wers absent while the number of dense osmiop-
hilic bodies considerably increased in the
protoplasts at 32°. The capsid protein of TMY
mitant ¥iII8 18 kmown to denaturate losing of
aolubility at this temperature conditions.
Some other TMV strains producing ilnsoludle
coat protein (flavum, PM2) were also demonst-
rated to accumulete similar dense osmiophilic

bodies in cytoplasm., Based on this observa-
tions one can conclude that it is poasible

to differentiate between the intaot and coat
protein defective TMV straims by presence

of dense osmiophilic bodies in ultrathin
sections,

KNA REPLICATION COMPLEX FROM DATURA PLANTS
INFECTED WITH POTATO VIRUS X
0. A.KushirenkotV.G.Krayev,G.V.Baranova
Institute of Microbiology and Virology Acad.
Sei.UkrSSR 252627,Zabolotny str.154,Kiev,USSR
KNA~dependent RNA polymerase/RdRp/activity
was found in RNA replication complex isclated
from datura plants infected with potato virus
X/PVX/.The enzyme wae associated with membra-
ne fraction sedimenting aa 45%sucrose gradi-
ent band and can be solubilized using Triton
X~100. Membrane-bound RNA-replicase from PVX-
infected plants catalized in vitro the synthe-
sis of product that under fractionation on
Sephaross 2B contained mainly high molecular
weight RNA, ianomic length ssRNA and minor
quantity of low molecular weight RNA.Analysis
of the major high molecular weight RNA-product
showed that it corresponded bycelectrophoretic
mobility to deRNA of 4.0x10", Denaturation
snd annealing experimehts showed that near
60% of the newly synthesized product was hyb-
ridized to genomic PVX RNA.Partially purified
preparations RdRp from PVX-infected plants
when analysed by PACE native system contained
polypeptides of :x 120 and 130kD, posessing
RARp activity, That polypeptides were absent
1{ u%milar prepatstions from mock-inoculated
plante.

MECHANISM OF RNA HEPLICATION OF PQTATO VIRUS X
D.P.Grama}V.V.DoljajI.Ju.Major,N.N.Kashkovekiy
Institute of Microbiology and Virology of the
Ukrainian Academy of Sciences,252627,Kiev,USSR
Moscow State Univereity,119899,Moncow,USSR/

In infected plante, besides cellular RNAs,
virus~specific double-stranded RNA (replicati~
ve form - RF) is synthesized. It containe ter-
minal poly(A)-poly(U) hybrid and extra G at 3~
end of the minus strand. Except for RP, dsRNAs
of lees length and co-terminal with 3?-end PVX
RNA are synthesized in infected cells. In con~
trast with other poeitive-senee viruses repli-
cative intermediate (partly dsRNA with single-
stranded ende) have not been detected among
virus-specific PVX RNA. Puls-chase experiments
revealed that radioactivity accumulated only
in RP and during chase radiosctivity reduction
was not observed. This evidence wpuggests that
eynthegis of PVX RANA carries out through for-
mation an intermediate of conservative type
which turne into completely double-stranded
structure (RP) during phenol deproteinization.
Virue-infected cells,besides genomic-size RNA,
aleo dieplay two major RNA 0.9 and 2.1 kb in
length and at least four minor ones of 1.4,1.8
3.0 and 3.6 kb.All theee RNAs are polyadenyla-
ted and co-terminal to the 3'-end of the PVX
genome RNA. By their length subgenomic RNAe of
2+41,1.8,1.4 and 0.9 kb are eimilar to approp-
riate double-stranded RNAs. Subgenomic RNA of
0.9 kb wae determined to serve as messenger
RNA for coat protein synthesis., Punctions of
other subgenomic RNAs are under investigation.
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PROTEIN KINASE ACTIVITY OF CAPSID PROTEIN OF
RED CLOVER MOTTLE COMOVIRUS
L;6.Lapchik*, L. L.Kuenetgova, T.I.Artuh
Institute of Microbiology and Virology of the
Ukrainian Academy of Sciences, 252627 Kiev,
2adbolotny str., 154, USS| .

Red clover mottle virus (RCMV) virions ha-
ve identical capsids composed of two different
proteina (mol. wt 39~ and 22 kD). The smaller
capsid protein undergoes limited proteclyais
resulting in the significant {up to.ten timea)
inoreasing of the specific infectivity of vi-
rus preparation. A cyclic-nucleotide indepen-
dent protein kinase activity has been demon-
strated to be associated with highly purified
particles of RCKV. The main acceptors of phosr
phorilation are the smaller capsid protein and
products of its limited proteclysis (20-, 18-
and 16 kD). Divalent cations are required for
activity. Manganese or caloium at p§27-8 re-
sulted in optimal incorporation of ““P radio-
label into aoid-gracipltable protein. Since
the divalent cations are required, EDTA was
found to be strongly inhibitory. The kinase
activity was stimulated by the addition of
such polyamines as putreacine, spermidine or
spermine. We suggest that such modification
of the smaller capsid protein of RCMV as limi-
ted proteolysis and phosphorilation may play
important role in the viral replication cycle.

—

STUDY OP PROTEIN PHOSPHORYLATION OF PLANT
wRNPs INFECTED WITH POTATO. VIRUS X
L.P.Didenko® ,N.I.Parkhomenko,L.A.Maximenko,
N.N.Mashkoveky

Institute of Microbiology and Virology of the
I[Jjgzs‘aninian Academy of Sclences, 252627 Kiev,
There was found protein-kinase activity in
the composition of free and membrane-bound
polysomal mRNP and free cytoplasmic mRNP in-
fected plants by PVX. mRNP isolated from in-
fected plants revealed the larger amaunt of
phosphorylated proteins as compared with ans-
logous structures isolated from healthy
plants.

Thus, the highest level of phosphorylation of
proteins 135,45,38kD was observed in free cy-
toplasmic informosomes of infected plants; in
free polysomal mRNPs -135,56,45,39,32,25-16kD
in membrane-bound polysomal mRNP -149,135,83,
66,41,26kD.
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